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1 A>1a-.At|j Aj^JjI jlutfVI '"'^j^"'^^ 4iii.)tl<.<l 

(_^jL-aaaVI lojoiLii! Aijat^ll AjS ("i^j.^l jj-^sc LS^J*^^ cij^ 

^142 8 o^ljjJl ^rlJ A^l uWi' : 

djaJl 4jJ ^ jl J ^L<uaVI sJJ>-^ ^Jj (jill ^2007 

^ <JJj*J( <sJ]( jj- '— ^ S-lj^ j) ^ (.5^ ''''J-- dL/LaljuaJlj (_^-al3tH 

tjUJIj Jjj^lj 40^*11 4jajjljluij Ajjaj Sjjjic. jLajcl Igic 

Ajjajj AjjaiiHj t^jjUll^ jsuloK AjAlHall (JliUjaillj t CIiLjI j eif^^J^A j 

^jjIjuJIj Ajjaill J i» jiail jj ^ (ilLall AildA Uiijj ^1 ^^jlJLall (ja jJC 

La l^j<a J 4<-lljj3jyt A^Aijj (_^ic. Ali^ljjj ^JJ (JSjui (_^Ic. ^1131 (_^J3JI joa-all 
jia-all ^1 Jpj (_^ic ^LoiJ Lui (AjaLiJI AxoLi-Jj tA-al^l (-JQ^I 5-a^jaJ (pistil 
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^J3«JI [^jlilt ^JJJ "-a-^ ^J*^' (^j L$J^^' CllUill ^jx (^-aI*J) 

Ajiia jll 4jajUjaJI» IgjJO^ dlUjaill (JS ^ l_uS ,_gjc. ^iajLoJI (JaLjJ 

4(jXaJ^( Alialc \^JA Laic LljS dilljK j (Lw-aU. LtaS ^Ijll UJ^J 'Ajjilll 

UJ^ U'J '2000 f»Li ^ Ajl J iUaIIc. ^ U:jai>^ J iAjjfljll 

l^ic- ^jjj A^uoull UJ^ (j^ J ^ ' . "^•J (_>dLLdLl^Vi (jj> ?-> 

(jl Ija^lj Ajtl (jc lIujjjIj <_iIj^I AjtllLj 4jja£-a 

.^^)*]| ^^)a-all sjUj iSX^ (j-a <JjL-aJ2Vi Aj-aHll AjLaC. ^ ^LaiJj 

jaJl (jjialil l^Iil^ J J^-?^' (.5^ 4ajjxJl 5-aialaJI J Jjl j 

Ja^t Ac _j<as>^ AjaLJI AiaJll j^t LaS t jW^V J tgj"^' ■-■V'^^l 

^ 1431/3/20 t>abjJ) 

^jjillt J ^ jld^ J:>j3^l (jMjj J 
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(jAjoil ^jilj Ajauill J <aUaH J aJj^I (conservation) ialiajt quI ja (jLaj 

4 I II 11 (JdWjl i_iIj£J1 I^A (j^ .AjjoaJI AjoiAi^l 1 'l <M >^ jj-a j t4 i .i "I'lj^ 11 

AjJj^-aJ ojjJ (S^^ (j-a JaliajVI (jjjl jS ^-»jW"ll ikjx J:S^J^ J* 

.AjjJ^I <jai.Aj^l L-L^ial . ^1 . ^'^Vfl 6j.^xlLa 

^J:J^I AjuoJ^K L-lIL ^LaU tluikJ A^lAlLtilt (_ltj^( liA L-sIjiaI t-LAoLa JlSl 
.l^i^j (JjLuiaII 4^1 J I ^ dlljl^ jjjJaJ .1 

A:i.laj] J iAjjUl J AjjjaJI ^ jLJI ^ JjLoba JaJ JiUajVt dV^U-a ^(.iklail .3 
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i-SjAj^ (_PjjlaS AijlLa (jliLjoV ialiajVI j jA\ (-llV-ila-a 

t4£jaJLi A^UJI (Newton) jjjjj j^j c^jolji]! j jLull (Krichhoff) 
(j-aUJI cljiA JaxII jUal (jj -Ujj&j (Brcnolli) ^^jjjj 

^iLoll (jjj Aiilail t5 C>* t_LiUall (j^-«J tJaliajVI j <j jl j-alt 

.^..liiLall J JljdjVI (jJJjOuiAll (Jill J <Lax)La <LiuiIjjoI fijLa i^jlj^l 1^ J* 7-"' 1^-1^ J 
Jfjjuj .^J>aV^g\l JjLoiaII (J^ ^J^IjiaJ (-jlj^l ^>%J tJaliajVI [^-iUx (Jl AiLjajj 
J I ■ ^ 1^1 " Jl aJLolaII A^a^jp L_L)L)all '^^J L)^ 

AxiJallj 4jjji»JI ^jJaiil 4-ttJ^)L<JI 4ji.AAill jA (_)ijjAL<Jl (jjAi^-<Jl La jjlj .4jIaJI 

(jjo-ij^-all (_>sa^ La J Lai .UiJaUj l^i»-a j (J^iLi. (j-a ^Jajll (ilii JaJjoiJJj to.^T.ftll 
QA j£\ AiLoiJI (JikJ ^LaJAVI jl^ il^ .AiLi tSllil U^ajS t^JdXall 
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(jS-aJj .^JSjask. '^aSj djUloJ ^l-lkluiU 4.E-aVI i-J^ LS^V?- 

clV^J cJj ' ^""'^^ ^i^ljl^j (j^-^ (j^ L_ L^Uall Ajija^l Ajjljjjill diULull ^l.l^^luil 

^ ''^ L>* J '^J:J^' ^ I II. \l t Jxl£ (_s^ 4jj\^ a\\ aJLjo^] (JaLIuj 

^joi-ii^l cll J2>-Jj <jlflJ j_jlc. ojflj #. jjJa]l I in (JjLuiaII ^ ^J^' '-^ L>* 1' ■^'^ J 

djl^^JxlLall t '' ^ ^'Qft r ^ qVi-v a\ \ l^^^^jj 4j^jj^ll 4jai,^i^l CjIjIajj 
jS>A\ AjjA^I <jai.^j^l (JjUlij jUaj ^ 4j jl jA\ il^ Axja ^ ' "' ^ -I 

^ oJ_j^j-all iA\'\\ A^ULa 4jiiiVi(gll ;Jj I I I I sjjjjjuj jl Aaa>^a-a CluiSj .l^JS 

La jl ^JT-;;"'"^^ -1 ■^A.-i, „1 i ^a^U^lj (JjLom ^ '-'« ; lI=>^ (.J^AJall (jL 

.L^L3il 

<ljU-a L-L^ J .JaliajVI (jjji J^l ^^Loi^i J^j (^^' (jA».ialjj 

^jjJa j<a - ^''^1 ^ <^T.i.ii joll (j^ljiJl ^1 jjj lil^iL^Jxul j Jjl jjj A^j^ 

(^ic. It^aj;^"' Ajjl jaU 4jjU-a ^ 4j^Li. 5JIa. (JaliajVt 5JjL«-a Lai j 

(jjjjl (j^ J '(^i^J-a (JJJjUaj^I (jjjoili^-aJl) (jjiniVl;; A\ ^Ijjl (j ^» }\ AijlLa ejjJJj-i 

jjjlij 5Jj£l( (Jllljj(_^ ^jjS ^) AjjJ^I <jai.ij^l AjjliLa ^jl 
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JSj ..i^jx - (jin> >i ^^j^Jljjl (J_jjl5j 5JjljL<aj (JjVt iill<aljjjjxjall 

(JaJl ojjjjjoi t<jai.ij^l (jjjLuil ^ dlV jla«-aJI o^A AjJJj t^^i ,^-^l''iq<\ll 

Aij^l Jiliajt jo.;-|-n^ t6 " 3 J ^a^U c^aIaII t-lti^l t>a JSjaII * jiJl Lai 

^^ij V ^1 sjj^i Ajiu.Vi ^ t^j:iyi ^:iL.] ciiijj ^^uj^^Ji 

jiliajVI J 4jjt jaII dlV-iU-a Jjl^t J ^J:}^' ^joiJli^l JjLoui (_U <^ jaJAlLall 
ojlA (jA U' (J-* J '^Lj JJ-^ CS^ i-_l!>Uall l^-JsiJ J^' AojjLoiI dlV^U-a 

jl (^ic * jjJall (^iij Lijli t'Glij Lajli ^ifllowi UJ^ J _jj-aflll 

tAj_jA^t ojj^l J tcjlSlI aJIa. diLuilj^ ilx^ ^Loill Ji-aall jfl.^i'ijj 

^ jiiS tdliA .A^jouVt J LpLaJl ^jioba (JS ^ Ajjbjja jAI jJa ^_^ic jJajj 

sjLall ^l-liojoil (j^-aJj tliz^l c_l!>Uail ^j^-aJ 4ji. jjLa Cllll jLa ,^^11 JjLoiaII 

<»jailj (JjLoiaII (J^ ^Jsj] LoiLoil jl (IcjjjjLa jl 4<AALa jl AjjojLoiI ojLa L^jLjcL 
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uii>Sr) 1.1 

4Jla! ^ jj (intensive) sa^I o^l (extensive) jiJI jjj JjxojII • 

• ^jj cKl 

iiUajVlj (accounting) ><JI ch'^iljui A*jLill ^Lijjall cjljailaJl i-ajj«j • 
aJj^I j 't^jaJl ujjllj J aJj^I i^!^ L^j^ i(_K>Li. .(conservation) 

4W ,^iltj ^jllj Ji^lj sj jaJlj 43Uallj AjS jaJI AiLUIj iLi«llll 

. JjajUll Cj"^!ix^ j jliill J 

.^jja-all jilijVl t>i l.n.ilLa '—'WW'] * 

jj_^jjaJI (jjjai^j^-aJI l^-^ljj A^Ai^l (JjLuuJI AjjlLo jj_j]adJ • 



^L^l_5 JjJJl sJjI cjSIL! a 998 ^UJI (> ji^j /JjVl oj^^ 11 iJ 
J t(Mars Climate Orbiter) ^j>»1I ^LL» ^Ll^I AjS^I jj/iVl 

^jaJI ^LL» CS:!^ Ui^ dlLo jla-all (Jij J^_>i« JJC. JJ.^ (■j^ ' _ ' ' ■ 

(j! (jJ^ ^^-^!^>^^' ClllAa. jll Aa.! (J flt'l I 111 (Jj^ jlXall -J^ ■ jaj ^^jlc 

90) ^ 140 — Sjjli<ai c> ^.illil .'^^AjJUI Cjlji^ jll cUiuil >V1 tjjjall 
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^'^'(kL, 35) ^57 cSjLo^ J ^ t> ajSj-II cjjjial c^UU J (ki- 

(>» sLLkL 4jJiLiJI jjLuiiJI j! j& ! jA La jWj 44-a^l e^A j'^V 

(Jjjaj ' La (iljJ ^ ^ jnninli 4 jVi (JLa-a I jl i ^ (_5 jj^ '"'j - Uail Ijj -(jA jj 

a^A ^-aLui^ ^Lal j .Ajlij (^JJJ (jlaj^>^ 4_inil"i<i jjc. Acj^ >. J3 ( JJJ^ll (jU 

.<ajUil Ajliill l^inki AjjoiLoiVl jXiAlLall ^aixJ Aj-aAl JlS^j (j! (>a AJLaJI 

jSLi. ^jJaj ^1 llllijjajll J [^jU^I AJLaa.1 sjlaj Ji^l IIa (J^!J ^Jjj^^' ^.ij^l 

eJlLalt oi& kjLii,] (jlajt'unlni iS.S.l ^ialall j .^jJaJI JjLoixJI (JjLuVI 

jbuSfl J jli J AajLJjill jjilftil 2.1 

Jjl^ jLsjV Li jAj^ IjxI Ij-aJi ^.lajj <jjLijjall Clil^yiiaJl (JjiLiS (^Ic. oj-iLall jiijtJ 
(jLaJ 2j^.ii^l CjLLjraJl L^jL-aj ^1 jl^Vl " (jj .Aafkll j Ajjj:iJl ^Jalll JjLa-all 

1 (i ll I ii'i (j^-oJ CjljjilLa jl jl jJ^lLa jl 4(_>iiLiai] ^ijllll AjjLljjall djIjJJLLall CjVLlaa 

'(mass) <Sj^I AjjLljjsJt Clll^yiiall <£La! (j-aj .Ijjjlr. \^ nui't'u j! (^ja.! (JllljjilaJ V^jjJaJ 
AjlAjji 4-aja j! SjIc AjoilLJt AjjLljjslI djljjilaJl (.^j .AcjiJlj SjljaJI j J jUI j 

.(!>lla <ajaJ ^ mL/min ) jj (!ilia 6) 

(—LSJj .(jjjlill j! j! jliiiVLl AiljaJ (_SJ^ Ui" Jj.' ^ - a i lal" JAa^ jljLa ^^A si^ jllj 

iJLlall Jju.i (_jic. .AjjjLLoII CjIa^jII Ajjoj-li^l CjLLjriJI ^ SXaxjj^l jl^Vl tr^^^J (j' 

<-aJ^ dlLa^jlaia 5 (_5jLaU ^Llll |jLju!>U Ajj^Jl sjjJI (.j^' tjSlj" A-a jPimH 

"5 L/min ijlUll jLiO^ jjjj ^ (JsjG lsjL-u" j»Lli:]l La! j t^^ixJl 

^jCJJj .Cljlia.j (jjj CjljjilLall LJlc. (jjjjQiall n\\ l^jSjjj ^^^| <iUa^Vl (j^ 
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Vl(i A\ Lai J .^jaII <^J^ AjjUi. lillj JjjS tA-ark j i-Jil jC. 

SAj^j ejLall JjLaj sjljaJI A^jJj j^Uj^l jliillj (>jllj aJjIII j Jjlall Cjl^yilall ojlA 

iuLiJjill Jil»3l :1.1 JjJaJI 





SI (.UilJI <^ V-L-*!" 




i^LJi\ jiJi.li 


(yd) SJjb i{in) uijl .(ft) .(cm) 


(m) ji- 


L 




(ton)L)^<lb,J^jl^'(g) 


(kg) jliS 


M 




(hr) ^i^l" '(mill) 


(s)^»^^ 


t 




{Bi '(abA= 10 A) jif«M 


(A) Ji-i 


I 




( °F ) '^W^j^i '( °C ) ^> Vj^ 


(K)6ilS 


T 




( Ib-mol ) Lfjji^ - Jj- 


(g-mol) > - cJ^ 


N 






(cd ) <^ 


J 





l^jltal L>* J 'lS.J^^' ^^ji^' till jjaiall aAc AuaV'\^\\ CAA i II (J at'ii nj j 

.lillj ^^LiiVl AjtiiJI jj.llLa3l • _ ■j< j' Cj| jjilall ei* j ^j^JP j .AaUaJl j s jSlI 

lik l^'^l ■ ^1 jUjVI t-lli jJ.ilLall (I) (jaiJI (jAjJaJJj .<JjJ.:ij (_):aljC.V (jja-a 

.1.1 Jj^l ^^ eUaa-a jUjVI jj-J Latj .(-iM 

JjjaJ 3.1 

^! J .eAi. jj e^lc AjoiliaJl AjjLijjall CjJojuS] (jLiji t\.2 ^iiall sliiaU La] Ua j 

(Systeme International j^l J\ ^Lkj LaA ^Uil ^ U j^ii jll ^ 
jl -csJiViVI J ^UajjJI ^Uiillj .t^jLall ^»Uiill cd'Unites) (SI) 

5 . 1 ^JaLall (jiaUlu: J . La^Aa (J£j L^ULu jjjijj ^Ulll ^ (JS (jS/ (jiaUajll 4i jx^ 

^IJ (jaXJI jAjJaJJj .AjjJaJI A I II 11 ^ (JLaaJjoiVI AjljLui 4jjLljjs]| djIjJSLiall j^ 'jd^ 
.(_iIjS3I IIa AlajtlouJl 1^1 S^ljUil jj-jll J AjjUjjsll ClAjalA 
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Ac_jx^-o ^Lijja jjilxj AjjpLall dili^ jJI (Sj^ AjLajtJI lIiIa^ jJI (Jjjai i r-i<j 

^jLuu !>ll<i 1 in Ji JjJ^ 6^ tjjjajll J-il jt ^U-^ (jj^ -^j -^L^l 

La La s^j aJV^ Ajc Jjla JjjaJilj .1 kg jU^ 2.2 Ib^jjtj '2.54 cm 

eJjAaJI s.la.jJl (^jLulj (_^i3l) (JjJ^I lUIjiJ I^t a\\ Jjlall uJj*il 'c£J^^ *-^J Ajal£j 
<_iia.l t jjni'slt jl.ic.Vl CjUcli^fl (-aii. Jjc. (^Icj jUt (.^c 5^_jijiLi 

(154 Ib^) ^^UaJjJl ^UkilU eUa*- (^jU Jz^j Jjjz^ jIxj 4 Jllall Jjio, ^ jll 

:<^L U] Uaj (SI) ^jJ (.UiiJI ^ l^l^j U 
154 lb„ =70 kg (1-3.1) 



.2.2 lb„,^ 

(J-oUu ^Ujjsll jjilall SJJJ-iai <^li 'l^JJ^ lit J -1^ JjJ^t Cjl.la.j 

Jjiui ,_jJc. .<Jljl.la.j31 ^Uaj (jjiij ^jAjJa Jjja^Jl *1 j=.y Jjj^^l J-l J\ Lu^j! 

L. J\ 22001b^c?jL^ ^^1 SjUxJl 'c^^j^J' fLIkill ^JlUl 

22001b^ Ul.lton (2-3.1) 



'"^20001b„,^ 

430 C^jL^ (^-il^ (_>aau.i jii ^Jic. Jjla JjjaJ UjLoJ 4((_^jiJl) ^^jJl ("U^Jl OAi-ia J 

430mm =0.43 m (3-3.1) 

1000 m 



^Uaill Cljl.la.j31 si ja.!j CjlicLia-o ^1 8jL£il3 jjoj31j ^ja.Vl (j-o aIuAjj Jflt'un'j 

J c^^ii^l ji4i ' (/^ '"m" i-j j=JI "m" ^-j j=Jli '(2.1 Jj^l) csjiJl 

JjjaJil jpS! ji JjjaJ ^iiiiini ^1 <:a.l:a. jj^ La Lj3lc. j .eJa. j31 iil3j ijja 10~^ 

Ca!lijaj3| CjVLa. j .1^ t-J jC-jJl Ac jaa^l ^1 Cjlia. j31 Ac eUaa-o A-ajS 

.Aio jLa V ^ ' Cljl.la.j31 AjtjS ^' 4iiS3j e.l.lstla31 
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JjjaJ 1.1 JUill 

. mg • cm/ ^ U^l^ ^ J\ 50 lb„ • ft /min^ SjSll Jj^ :^lu^ 
^\ jll jUI J J 1000 i> ^1 jll j>l >J1 (j^ ^ '2.1 (> :<>J1 

=1 92 X Itf "^-^ 5Qfom-ftf liri^itf 453.6g Y 1000 ng Y 0.3M8m Y 100 on ^ 
nin^teOsJtllbJt Ig )[ 1ft )[ Im J 









T 


tera 1 _y 


10" 


G 


giga 


10" 


M 


mega Uu^ 


10' 


k 


kilo jl£ 


10^ 


h 


hecto jjSa 


10' 


da 


deca ISjj 


10' 


d 


deci 


10"' 


c 


centi t^iu^ 


10-' 


m 


milli 


10-^ 




micro jjlw 


10-' 


n 


nano jiU 


10-" 


P 


pico jSjj 


10-" 


f 


femto j1«j3 


10-'= 



LLwd :3.1 Jj>^l 







IpPa j1 Jl^ljjlu 1 
10 Pa* J Jl^U 10 
85 Pa* J Jll-:U 85 


liljj Alia. ^ jya^l (> j»a.Ull Cj^^\ AlJa ^1^3^! i nil 
a1 jUall ^ J "(j^" ajjS:!! A«LsJI jc j»^Ull lii i nil 
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1 kPa ji Jli^UjLiS 1 




26 kPa J J<^..i .ji.< 26 


SjjUa (Jjkj ^liijl) jJS 10 ^UjjI ^,-^jVI ^j^il U; , -^W 


1 ni T. J , n< ,1 . .\,< 1 m ^ 




110 kPa ji Jlix-b^ 110 




320 kPa ji J^hM 320 




350 kPa ji J^hM 350 


d jUj^ a1^£, (ja^ In* > ^ill 


2MPa ji Jl^bUy- 2 




100 MPa J Jli-UUi. 100 









:"2L«jU JaiuJa fjS" Vawter R (> A.-±iLi cjULuII * 
www.ac.wwu.edu/~vawter/PhysicsNet/Topics/pressure/UmtsandValues.html 

.(2005 aljJ> Ij^y. 24 <^ C:UUJI -^J) 

.(3.3.5.1 (JaiJ jlijl) (j-liJI Jai.^1 JI Ji^ + 



AiJlk^l AjjLljjall Cjljjilall JJ.ili-aJ LiiJ^ (jj • (8. J^') uj 

U JLj^l jUllj JjJJlj iiujJl cj^Ux 3.1-5.1 JjIM tr^J -V^Vl AjjuS 
.l^j2 jj.ilL<JI (JLa.xjj 4jjjaJI 4 1 II \\ \ (JjLui^ ^1 jjL j£a -^H^ ■^j-" 20 (J*^ 

JbuSfl Jjlau 4.1 

.JjAU^I jUjV (JllV.il«-all J2>. ^ J*1«j1I ^jjljJI AjuijXall jjaJI e.iLi tlbaLu 

lIiI Ijjj .Jjastjll SJjAji tllV^lji-aj ^iLaj (JaJ 1^ mil ^AuiLuiVl [^.ilxall jjillaJ jjjj Vl(i <ill j 

.1^ jUJ 
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.SjtiUi Jl jlaS :4.1 JjJaJI 



^1 Jjllll 

7.8 ^ 
>^ 0.4 ^ A^Uil CjiL^l i_iU]i J j]= 

>^ 1.8 *jjLu:iVI j4^Vl oLijiil >5 

J" 1.8 "^4jj^4jk.(>.ij.i4/iDNA^-i J_>1» 



^Jin^inll ^1 L)^J*^' L>^ moll 



Guyton AC and Hall JE, Textbook of Medical Physiology. Philadelphia: :Cy '^^^^ '^'jLiJI * 

Saunders, 2000. 

"Deoxyribonucleic Acid (DNA), " :i> cjUUJI 

Discovering Science. Gala Group. 



.*A*jLui jLjj :5.1 JjJaJI 

Jjiai jSjj 1 ^La.iJt 'ij.. ^Jjj jLjjil 

0.01 sjb ^ SjSI j AjLk jLiill 

JJJ.<l! J jSj.<i 1 0 l—JSlI ^ijaC JJC J.0 I jj '''J--^l jLiill 

jjfal (^^3j.<i 1 (_)jLuia.yl <iic .ijc. jLiill 

jjia! 0.1 jAj..^! jjc. j.« lij rij<inll jLuIl 

jjjxi 10 Ajljia ^Uj^ Sbi JJC ^ jUill 

jjjxi 20 3" t/ j'-^ *Wj4^ i>i " j' J?-^' 1/^' 

100 (^jUcVi j>ji jUi 

jJiai jLS 10 (JjJI jbj 

Woods, i^-^-fiL.'^l^yi*" 



.<http://www.ee.scu.edu./classes/1999spring/elen010/LECTS/20011ec2.pdf> 
.2005 Jii l^m 7 ^ 

5m-3m = 2m (1-4.1) 

'■3 

5m-2s = ?? (2-4.1) 
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(4N)(5m) = 20N.m (3-4.1) 



■ 0.75- (4-4.1) 



JSill (y /V [L"^Mt"']) ^ oJj Jajjll (Pennes) jiu 

J=^C^{T^-T^) (5-4.1) 

.jUuVI a^U1» aJjUJI (jjSi lilj 4([L"^Mt"']) Jl Jjii^ 5-4.1 
t'T 



[Ml _r^i 



[T] (6-4.1) 



till .1^ J 4j2 ^ 1 1 .-i' jaj (_jic. ^-olLoj In I 11 1 (j.0 (JS ^ j(; In' 4.ELslxi3l i 

jj AliaJi] .iUjVI (Jji^ JLuLIluI j£<iJ Aj^U j-o . Jjlall lilli .:ilxji ijjLijl .lUuVl 

j_^j .la. J£ i.ljl.la.j Jjiij icliVjUt-all oIa . .iUul !lj a12\jlm ^jjJa j LiLla.! (j£-aJj 
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[it (7-4.1) 



jA Co [L ^M]j it [t] ^ concentration j^j^ y» C[L^M]J \^ 

. [-] Aju\ ^jj^ a}Aju^\ SJtU. l^-Ja*J ^l^iU-all 

(_i jjjt jjc, (jajjll aIa. .Re iQ^.^ jjjj jA JjI lilLoLiij ^ jUj! V AjuLSJI 
Re = ^ (8-4.1) 
Sjs aJLLjJI Sjall 4^ jjc .JjLJI a^jJJ 4^ |j,[Lr'Mt"'] J 

(Jj.laJI (jAjJaJj .^6 (Jj-asll ^>iajl) Mj^^^ .Ji^ (Jjl^yuJI (jS^^i jj^Lk,a^ (j 1 1 i i kij j 4<a.jjlll 
.(jLujyi .lie Ailia-all Ajj.4.ill 4jc jVU (_>oUJI jjjJ .i.lc. 6.1 

djiiiA^ ^bjjd Ci\ jaIa 5.1 

.» "ItT ^Jnil'lA jl-^ i'l^i r-iJJ AjjLljjall till jjaiall 
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Ofllj^llj »Aiii_S) ofliji :7.1 JjJaJI 



(m) AJiSlI 
(n) c^'^j^\ 
(V) ^1 

(L) <^jijSi j^J 

(Et) ^UoSl 



(x) 

(M) ^>JI 

(7) Sjj^JI <:=.j. 

(p) AilSSll 

(V ) AcjJI 

(5) 24^1 

(//) A.jLJ 







5800-3600 




1500-1200 




850-110 




-0.0007 




0.003 




570-210 




900-630 





Cooney DO, Biomedical 
Engineering Principles: An 
Introduction to Fluid, Heat, and 
Mass Transport processes. New 
York: Marcel Dekker, 1976. 



blulS jL J Ajjluijj]) jaJl 1.5.1 

(>j .1^ jjJiiJI j! ^Uijll ^lia (extensive properties) haLajjl) o^ljaJI 

(>i Aa.tj ^1 JC. jl£ Ail>a j^-^ liL^ lil 4 Jllall JjAxii ^Jc --^^^ j 4ijS3t IjJ^l 

.«.Lill jjx jxoljc. jLS (_yk. i'^i tl^ «.Lall LllScLiJa (jl ilAjl^il^ 4ic.1 i >tn^ dLoSj sLall 

CJ)SAjla^ j^Al ^1 <i3u^ jaJI J (^JJ 4^ La .U^ U^j 

Aj^lj 42Ljj;^l CjVjJIj Jiillj 4<ji jaVI oUjiJl oV^oj l^j 40VjJ1j 

4j_j]a (JS ^ AjijaYI A-ajlilall CjljjU Ajlj^l Ajjoiillj Ajljill 4 unlllj Ailfiillj Kt.^iIIj 
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(j-alja. (jl (_5jJLlu i.^3t^ La ^ Sjl^)^ '^J'^ ■^Jf^ liljli 4 25 C (^jL"ij '^j'.J^ '^J'^ 



^U^l J k^AxA\ jjjliJI 2.5.1 

l^Vl-ia-o-l A-LaLoi]! ^^ILall i^^yui .A-lC-Ut-uj ^^ILo jl ^llaLuj ^^ILo Lllll 

4ja4j ^Utjill i-jja^J ■U^'-*W^I J IjjVUa^ i_ijaJ2 AjcLjuill jJjlLJI Lai .la^ 

lilli (JlaJ _>ajll jl Jjilall Jji 1 m ^^UJill jl.:Lall JAallJ (_jU£Jl IjlA ^ Jair'nal j 

^jJaj-a]| <3Uji\ t '^i^"! .Acjxxil j ^J-^ J-ail LaA tAj-^ali. AxoALj (jLojoijj AjUoiVI (j^ (jlc-_jj 'LaJ 
A un'lilj 1 11-^ dLsjI <c.^^| Ajtjil 1 i I ^'i J .^a.^ ^1 La ^JajA sLajlj 4iL-M 

■kc^^xji] ^Ltjj i^ilfta .AjLijS-a dlLiJ^ ^ j-a^-ol J-^^' ^ 'tj^J^-^^ 

45 A 0 jLi^ i_L^ (j! (ji^ jISjjJI ^U^\ ^ (45z +54 j )km/hr 

l^L SjLlJI (jjiij ^-L-aj (j£-aj 4j! V] .A^LJI ^ 45 jx^ VLaj^j tAtLJI ^ ^ 

8.1 (JjAaJI - . J .AcLaJI ^aK 63.6 t^jLuij Alijlj A£,^jijLij ^jjill (Jl n nill sL^L iiJ^pJJ 

.4jC.LiJiJlj AjjJaJI (Jllljjilall (jiaajl A^La! 

A^ljLwj Aj^ A ui CA jjila :8.1 Jj^l 

(V) 4.^1 {L) JjJ^i 

(5) ^ jUdi (0 i>J 

(P) ii^l 
(p) 4iM 
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^i.lLa ^ ^^C-Utjjj ^l.iLaJ ^ ^Ini ^Ljj .Ljajl ^^g-aLuj jl.ii><i ^jjJ-aLjj ^^l-iLa ^Ijj 

jl£ lil (jAiSU-all eUjVI J ilia. ^^^AJI jIjLJI jl£ I il ^^Ltjill jl^l oL^l -U 

(jjclsuil ((^^ikWI ^Lill j!) ^ a] i nil j^Ull ^ UtJ .jjiislia^ (j^uLjIaJ AjujVI Mw^^ U^^J 
(jjclsuill i^^^ ^J'-^ (.S^'-^' jjSaJJj AjIc Jlj La IIAj tljnlui IjljLi 

A-B =|a| |5|cose (1-5.1) 
2:5U3I J) ^U^l giUll jU <u.U • A • 5 = 5 • A ^^jU5 ,^^1 ^nbll 

(j^^j CjjjjL^Vl (jjclxjoJI j"l . i\ A (_jlc. _JXC. i_gC\jul jl^iLo jA (jjJcUtjal (jjjl.lL<i] ((_j^jLiJI 

jjclsLj^l (^Lk^ lU^^ L^jL^ ^JLkxi Loi e^^li l-aJ Ai^l^l Ai^laJj 

|Axb| = |a| |B|sine (2-5.1) 

iV^jc. (JllLajlsi-all J Ijjj (j-ajL-^iiJ AjjojLuI ■^J^ (j^ 

cjliijkj 3.5.1 

JaSj l^f <aUiaJ i|jjajla_all (jji.i.'i'li; n\\ Ijg^^tljj AjxSI CjLj.W'lll lilljjj 4(JjL^aall 

<jail%Jl 3j^jc ^iiaJ (JjLjui j»LaJAVI LjUiaall iillj ^j/i (Jjuii. J^JJJ .liL-^ jl^Vl 

^1 jjll (_>aj«ja t^jLiill AjjJaSll Lai .1^ Aili jll 5i*-a3l Cjli Cj^La-all j AjjjaJI 
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(jC. '"'^ '^1 2 .a<< ijfjjJ-o 'S-ll _>7>-il -^W-!^ oi^lj AAljls (jia^jxiioiijai Liiil tAjij^>iaJ -ULoi^l (J^iJ 

dll^^l^l ^ j^-^' ^1 (j^^ CllLa jln-all <jALa (jJfiui (dj^all Ali dill jLa Ijl , Unti 

^ jjjLdll ^-^^^ (Ji.liui (_>a*J f^!-^^ (Jill jjitLall lillj jjjLaaiabO iAjjLljjall 

ioJjLaJ AjiJljiJ (jl ^ jjj La^ ' J:A^ ^'""-^ jjU^ll LjljJakll jj^ ■> < ■ ^ cKj .L-llj^l AJSJ 

Jl JjV LlL-iiall liSli jjJi*xa t^ljJaJI ^jj^l i jji.! tllLki ^1 lillj j)..-!-^ 11 <^ J J 

(^j^^wuSjL <>a>» 1.3.5.1 

ijl^js^ ^ 2 .'J* ■ ^■^Ijj'^ CliLjjlstjjl J AluiLi. ' " ■ ; jjAjj jAj .'^'^^jj^f UJi^ 

(Jjjj^ jA J t (dopamine) (jixiLjjJl j^jj ^^^31 iiilj jur^ull (-it (jc (_pa_^l .''^'^jjaUJl 

^'-^'-^ '-^1 ^jluuJI (JuiJj fj^js^ CLlljUuil -J^" i^^C OcLuiJ Ja±Ls ^ 

La liAj 4(>jLi JJC (_jIc (J^ <sca.ljll (Jjljb t^LoJlll jfi JLel\ ijxoUj^l 

4j>iJ/i (>a_>« (j.J^j'-? L>=>« jx VjjLi 1 jLii. n-^W 

|a£x-a (Jx*j (J-axJI (jl)^ L>* J j*^] ' . 4A£^>Jall lillj (_5 J ^J:^ 5_jai.ijA *'_>f^ (^'^^Ji 

sLkcj Jil _^ CjlcjaJI jjj iL<aUJl alA j iA-aSLall AcjaJl j.Sjlc. .CjbUstil 
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JJjJill Aiijia Lajj .V J Uiiiaj (_taj 4-4^1 Jjkj ^»lilc tAiLiJl siA ^^i 

^UJI jjLir'i.iin 3JLiJI (-ajjajl 4_o_pUI till jJiVl (>a*J (jisUiai i^JaLJl IIa 

gr^J^I gA!>^l Ujjilj gA!>^' ujj^' • 
<J jJI J jj£ Jill • 

(J^\j]a ^ ^>iajll ' '-^J tULaC IjLli. (Jjli] ^.-aa-aaJI 6^)jjU^ «.I j^I jji^ ;jl (_jJI l^>lajj 

AjLinJI AiJjiaJI jA ^1 (JJjia (>o *l J^lj -Ijjjill '(Jjljiall t*Slj jJJ -(jia^JI J^') lSJ^^ 
CjIs.1 ja.1 I jlU"^ lS J^Vl t3jl jlall Lolj ."i^^j <1 «.l jJLj JJjjjll tjjl jia JjS! l^iV jll 

(_jj]| J. ^ CavI^joui AjsA jj jI t^(_5Ajj_jll jl (_^ijJa3«JI (jiaJI^ ^_^^in"uii<^ll J j^J 'C\ i n'l 

(_pa^ jj^l_)C.I ^ (Ji.ljjj (jl (jS-oJ jl i^Aja-^j^ iAjjoiiij cAii._}jai^ «.ljJI (j-sai-aj i-j jjoi 
*ljj U .(^1 Cjau jiaJI t jLoJll Cjauj liliaJI O^') l^LiUjjVI l^J Qy^Ju 

ijjiaj^j^l I _ Ift 'ijl ^^-ojJa^l jl (; II Ajnir.l ^)JC (j r-i' nj (j! (jS-oJ3 jaill (JJ^>5a (>» C^^l 

. (_i.l^;iuuJ| J . 11 ^1 ^ (j^J 

. ^ Jl j^Ua (jaa. :6 JjjVl . 1 

• O^l jaVl Jjlu :^»alL> .3 

. jLoJll J .4 

^^^!oUl Jj*iJI J 4«.l jJI ^ jilxJall (Jj*i«j 4S.I jJl JJ>a Jjl (Jj*ia J iLl^aS S.I jJI »Uacl 
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(jl .^LaJI ^ajoij! ^1 ^Jl j>i (J!laj!5U 4jjU31 jjc ^ jaJill) LijUj^ 5Ja2LauJl illljSjJI j 
J- nill ^ iS^LsS^ s-C? j?JI L» i.uiilnn ^jaJllI aLLji jj JlSij^l 

Wi jU iUlUj .'^^LjjSj iSOOg/mol jc- Jii l5^I cs^Jh^' uJj^' '^'^ i^^ij^l ts^ 

djlj AjjjVI (> 98 (> Sj^iAll Ollj>]l oli <;jjVI (> aUI ^100 

^ILajj CIjI^ j3I (Jjjaaj Aj) jJ (_jlc I jj jSj (j! '/-^j 4*,)j^l (ja A-ai^Lall AcjaJI JjAaaJ 
"j_jlijaJI jjjilj lSJ^I Ujj^'" j'^aJii'-^l (jj^ S-^J -CS^j^' Ujj^'j J>»^lj ^Jj^l 

12-u_>^j^^ Ajjlia ojill aJjS ja (atomic weight) j^l jjjll jj jj^jlla 
.LoLoj 12 IajI-iLo j^I aJj^I ^tiiLjjjj^yj 6 j "^^jmj^ 6 j« jj^ j_?^j^ jj'-*^) 

j^jaJl jjj3l U .jx^LuJI ^!J^I jljj^' ('^ (jalall) Jj J Jj^l j^^^J 

Ljlbj ^1 cjljjil AjjjJI jljjVl ^ j-a^i-a (M[MN~']) (molecular weight) 

jjjlUl l^j^ 4 (Jill ^1 j3l j^ -^-^ ojLai] j^jJJ_)aJI jjjil jc- jJJt'iII jS^ij .(_jS_^I (.(^j:^ l^j^ 

jjolb s^jll J^uiloi .Ib^/lb-mol j kg/kmol— Slj g/mol— Slj (Dalton) (da) 

. g/mol J 41.^1 J sUa-Vt (Jc 

g- j_j-<iljiJI J_^l (_5.AJaiJ ^^jJI C(_^Jla]l ^Uij]l ^ sjLall j-o ^1 j]l Jj-all lS '^JJ*^ 

liA J •12-jjjj^l j- i>ljc. 12 «^ja.jJI cjljjJI csjL-u t^^!j=JI j- l-^.^ '(mol) 
4<jL1« (^^jjil (>Llkill ^ J-«la4j .iijUjjaJI j- 6.023xlO^S^ jjjil^js! jA 

:4jLla jaj ^1 clbm-mol (^JJJjUI Jj-ll -Sja <1uAM\ JjJI S^j jl VI 

e jjjUI j! ^1 I jkij .12-jjJj^l j- AjM ejjJ 12 ilil jill c^JJJjUl Jj^l J^! 

tLoj^ .(^tjiSI Jj<aJl ja 450 Ji^ JJi^^ Jj-a3l jU t^ljiSI ja jjS! AjIj^I 
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Lil jc. 44 C5jJ^ CO2 c> J*JI •cs4!_>?^' ^jjj J«^W) l5jLuu 

.44 g/g-mol jA UJJJ^t JjioiS! ^lal ^Aij?^' ujj^' "■^L*^' C> 

ajV J.1CJ mA '^jij^ A (jj^ Ma t^j?^' ujj^' -W^ ■^-'^ 

«A=^ (3-5.1) 



.(l.(±J JjAaJI) AjjjaJI CjljjjaJI AjuLill ^JJjj?^' (Jjj^^ ('-') 
Lr%>^l Ljjj^tj Jj-^lj ^1 2.1 Jli»ll 

(^ oja_p ejUjjj .'"^'^La.:]! (jj^Uj.^!! c_L;Ulail L-deprenyl J- Jj1ijjj.JI 

(JjiljJJ.iU <jjU.oj^I Ai^juall Lot .(jjjmjSjlj (jla^ (jlal^)c1 stlaj ■ ""ja-i-""' (j^Ai ^L<i.l]l 

.C13H17NHCI 

140 (_5 jLuU (jjL.il'Sjlj (j.iaj-aJ (jjjLj-a-all Aj^JUlaI <-<ij!!iUI (Jjij^)JjJI Ac_)^ jl (j.iajaal 

J .^L«.i]l ^a.i j^Li. jjjc ^j^'-; f-ijj^ jjSL 4j-£jUJI (jjjJb 500 <jj*JLj ^jjU j 

(jx Jj.a (1) : 4^.4 jjII AcjaJI ^ CAj^ual\ (jx (JS C-boia-lj tAjiuaijll (j^akjill 

'U-«j^' t> {^) 'ujJj^l t> <Jj- (^) ^L^jn^^ Cy L^jj^ (Jj^ (m) 'dAjj^-^l 

. (Jjjj^jjj j3I CjUjja. ( &J 

.1^ ^1 Cjljill (jljjVl 

jjj^jjijjJl ^j^ S^lj Sjij (jja.jjiiA eji 18 J OJiJ^ 13 tjic- UAJJ^:!-^' '■'^j^ L^J^J 
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aUaJ] cSJJ-ill Jj-^l SUaaix CjljiU AjjjJl jljjVl Lai .jjKll J » jij 

M =13 I MIM Vl8 teVl fi^Vl f^'-"''* 



mol C j mol H j [ mol N J I mol CI 

= 223.75 -^-224 Da 
mol 

ijJaLall jliji) Ajjjx^ ^lij Ai^ij (jjjl'j 224 ^J jLii Jjjjjjj.^ cs^j=>J' ujj^' uj 

Aiklall Jji.Jj ^La^lll jr^^i. JJJJt! jSL Jji-L^ <^c5j^ cJ^jjJJJ-^' u' i.S^ -(6.1 

.4ja Ai^liiLiLall 



: JjijjjjJl j> (daily dose) jJl A£.jaJI 
dose = I ( 1 day)(70 kg) = 9800 ^ig - 10 mg 



I day. kg 



( 1 mol Y 1 



10mgC„H„NHCl 5 — =4.46x10"' molC„H„NHCl 

^ " " ^224gXl000mg^' " 



:lb^/lb^-mol— Jl } g/g-mol— SI c^a c> i^I-^jj 

lOmg C,H,NHClf^Y J^^Y i^^l 
^ " t 1kg mgj^ 224 lb„ J 

= 9.82x10"^ lb„-mol Ci3H„NHCl 

Jjjjjjj.111 Jj- o! (^1 'C eji 13 (_jlc C13H17NHCI (> ff^j?- (^) 

:li3j iuj^j^l ;> Vj- 13 c^jis^ 
13 mol C 



lmolC,R,NHCl 



= 5.80x10"* molC 
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5.80 X 



10^ mol C — = 6.97 mg C 

t molC AH] 



^ ^-r irK-5 TT xTTT<^i I 6.02x10^^ molecule 1 ir^w i i 

4.46x10 mol CijHi^NHCl =2.68x10 molecules 

1^ 1 mol J 

(j^ ^^^xi\ lilLjA ju^T.") (j^AJ cAjjjjj-^I <lLxi]l SjaJlx^l <C.j^ jl.iL<i i_jLu^ .ixj 

l^io AXoLk djU jSji (_gic. i^ji^ (c3>»J" 4j_jijiC. liasLa-^ ii_ya\^\j JISjjVI 

^jJl ^ A ^ j^' i_aj«j .A, B, C, D CjU jIaII '4;-^ 

CLlV .^.iC. <ii yi 

X, = '^^ (4-5.1) 

(_^jLatl (jl ^-tSiJ jh'ln ^jAjJaj .AjaJ Aun'lil AjjXall ^ jaII A I mill j 

jll ^^^1 dlUj^^ i J mill 

=1 (5-5.1) 

. + + Xc + x^ = 1 1^ 

Wit; A, B, C, D cjU'jlJl 

w,= (6-5.1) 

m, +mo +mn 



36 



Jw,=l (7-5.1) 

(JiLo. (^jic .SjliLJl Cil:ia._jll ^Jic xojxj J aJj-oII ajjouII ajjaxJI <-<ijfill c^ELolo 

(^jLai jU i^jKll ^jJI 0.33 ^^jl^ O2 — U aJj^I 2u^I ^ 'J^l 

cjljjjl (jjajboS! 0.33 J 4<jK31 diLol^jc. (jjajLoS! ^Ijc. 0.33 

uiuuJI 3.1 Jli»Jl 

2L}JjJl WiJl aJSIII V-^l (!) SAx;^! tj'nUjnll 1.0 c^jL^ 

(^jUi ^1 Jjk-J] ^j^l jUJ UJt ^Lboull jUjV (i) 

1-Og 
mL 

10 c?jLui ^1 ^Ul AiSl. ^Lijli. (10mg = 0.01g) J 
(_SjL^ i^j^ aJjUI (jla 111 J jkj^\ l^V) cjLoljc. 

^Ij^ ^jh<1l Au«\\\ jjSj .Lujaj flail t_5jL,i 4»Ulj Jjjjjjj.:]! ^^jjIjS ^ j-aj^ 

_ 10mg lOmg r Ig 1_.Q .Q-3 
""""iCOlg lOg tlOOOmgJ"^-"''^" 

^_^l jjLalt aLS (^jLulj cjVj-II j:^ 43-5.1 Usj .(*UI) 



(10mL) = 10| 
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"a.,.„=(10mgC„H„NHC.)[i^)(^] = 4.46xlO-'mol 

e -iijA 0.556 C^J^! «v^a,er ^'^^ '^'^J- i) ^ t^jUlo jaJ j 

Jjjjjjj^ 4jJj^| (jjSij if-Lall CjV ><i LijLaui 2^3^' 

:*Lall dV J-0 (_jiE- La _jijiLi AjV j-0 JA«J 4-1 jl Ilia 



/ 4.46x10-' mol Y 
\ 0.556 mol J" 



8.02x10- 



t^j^ ■ " (jjj lilli (jl c Jllall IIa MiJ^l j'-^ 4jjll<i J-a^ L_lll<JI jl^ jl 

.(kla ^1 100) Ali^ La ^Laja Jial • 

.<jJa Jiiall SJi^U j^jLall ^ 4 1 mill <.J>iaJ gJ>a3l jj^ 3JjS i jm^l • 

.jtjj-all OV J-a (_jJc. AjV J-a <-aj.jiL (jj^ '-^ ^ 4 unlil l Jm'.l • 

4-aja (jijjiij .^JjS I J I 111 < Un'lll jj.a Ac jn-^ n (JjjaJjl A^LLa 4jj|^>a.l (JnT'lin'lj 

^Ljis^i A^-ij j'j^ Aiis >.iniVi ^ ;(:)iia jj- 100) gj>ii j-ii 



^ Aia«iuuJI AiaLiJI ilh jLall j . jia 200 Jj^ O^jsJl ^Jj^ 

jLui ^jJjS ^^joUj) jjlLJ) J ( "^lactose ~ 0-475 jLoi AjliS <ijuUj) jjpS!15l 
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^T^' -(^^Mg^tearate =0.125 csjU5 <^ k^) cJij^j {w^,ii,i„,,= 0.315 

<AiJ>?J' AJtJj-all .AjijjVI JjiijJjJI (_K=J^ <a^UJ1 AjsIUI aJ L_bau]l 

JjlLJl Lil .C36H7oMg04 ^jjjjjjiAll Cll JjiJ <jlijaJI A iu mW j 'C12H22O11 

i^^j i^y?' ujj ^^'■^ jj^j^ cjlj-jjj- j> jjLa (polysaccharide) cjLijLa. /.i«i<i 
Omj^^ ^^>J1 oJjJt 2.1 JIUI i> >ii .[8] uiiJl^ 400000 cSjLay 

• uiill^ 224 c?jL^ C13H17NHCI 

:6-5.1 aJjU-IU Jjjjjjj^ AjIj^I : J^l 

lAjjJal JiaVI Axjallj (j^^l SJ>.i»J <_K>ja^l CjU^^ 

m„ =0.025 (100 g) = 2.5 g 

'^faco.v. = 47.5 g, m^eiiuiose = 37.5 g, m^^ = 12.5 g 

AjjjjaJI uOj^' JL«1u,Ij ujlj'jiJl 3-5.1 y^UJI 

««=2.5g^^] = 0.0112mol 

«,«c...= 0.139 mol, /i,,„„,„,, =9.38x10-^ mol, = 0.0212 mol 

^toto/ ~ ^deprenyl ^lactose ^cellulose ^Afg stearate 

= 0.01 12 mol + 0.139 mol + 9.38x10"^ mol + 0.0212 mol = 0.171 mol 
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:4-5.1 

0.01 12 mol _ 
"tote/ 0.171 mol 

^u...e=0M3, =0.000549, =0.124 

^x, = 0.0655 + 0.813 + 0.000549 + 0.124 = 1.003 

CjUj^-o CjVj^ •<i<i AjjC- aJjS Ajjoij jA J^j-al '^avg (j ^ ' " <.s4j3?^' uJj^' 

^jlt ^>il 

M^,=J^x,M, (8-5.1) 

j^jaJl (jjjll ' . I'^j tA, B, C, D tliLj jLiJl c?j^^ LijJal j3al Laj^^ O'*^! ^ 
aAj>JI jl jjVl c> . M^^^ = x^M^ + XgMg + x^M^ + x^Mjj J^U gj>l] 
^1) Jj^ U > 28.8 l5jL^ L^iJl jll <^>J1 uJji' JL«i^VI <^Ui3l 

jjiajoiSVl (jl ^j-ial^jll (j-a .(9.1 cJj-^^l oJj^j-all cllljLull JLaxJjoilj ^Ji-i-a IIa (jLj 

Ujjaj <la3l ^ 99 (j!i\!L<iJ La^jV jll jaJl (j (jLLaJ^-all LaA (jja. jjJjjJl j 
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.f I ta^jSoil i_uS jail :9.1 JjJaJI 



(g/mol) jr^l u jjll 






28.0 


78.6 




32.0 


20.8 


02 


44.0 


0.04 


C02 


18.0 


0.5 


H20 




0.06 





cjjjl\ 5.1 JUaII 

.sLJl j> 10 mL 

,.U1 aJjJI .jmVi JajjjjJ) 
^w«..=l--^« =1-8.02x10-^ 

.3.1 Jl!uJl Jjiijjj.il3 aj3 5 J ..rill dnjoik dija. 



(8.02xl0-^)[^224-^j + (l-8.02xl0"^)[^18.0 



mol 



= 18.002^ = 18.0^ 
mol mol 

JjSI Jill jjSj V JUill JjSji]| jA ^^^^1 JU^ ^jVI .^^Ull 



41 



^ ^'J^ JjS Jill .^^^1 jjS Jill aW^ Ullii t^^^^l JW-«31 (> ^ 

C=^ (9-5.1) 

kg/m^j g/cm^ jj^jjB 4*jlJJl dljLa.jll j>j i[L"^M]jA j^Ji\ 

Jilill jiljC. JJ^-all dLlJliiin jj-a ^Ja^^iUJI jj^ljjll l^llij t*l j^lll ^ jj] LaSjj . Ib^^/ft^ J 

. Jjjlll ^Ij*^^ iJjUjLbjia j_gJ^ 

J j-all jjS Jill J jj£ Jill (JS (_jJI 3^ JJ . J _jli-all j-oll Jj£ Jill JjiaJ U^iajl (j^-oJ 

IjjjJI j> 

C=— (10-5.1) 
V 

g-mol/L J g-mol/cm^'U A*jL2ill cjl.ii.jll (>j t[Lr^N]jA ^^j-Jl jj^ Jill -^j 
<-«ja ^ (M —J l^lia.lj jx^uaJi ^^\) (molarity) Jjla^l ^>»j . Ib^-mol/ft^ j 

(jjo^jjjjsll Jjk^ jjx 0.1-M 4<Jlall iillj^ ijic .mol/L— SU Sjjla <^>all jj^Jill 

jj^iaji j£aj .*UI Jill ^^ Si jjjijjjjjill (> Jj^ 0.1 (fibronectin) 



^>»J1 J JjSjjII 6.1 Jll»ll 

10 4^ (—lllall JjiijJj.lll (j/i ^ 10 (>> L)J^ CS^' 4 ni^l JjL^l Jl nr'uh I^^ajM 
Ai j^jJl JjS Jill (g/L —> Ij^) <.lj^ ^^1 JjS Jill (\) ^i^l CfUll j> Cj| JiAjL 

.(mol/L —J 1 jjIo) 
:JaJI 

:9-5.1 aJ.^I*JU <_^ix.<. ^Ull ^ jAijjij^ Jiill Jill (\) 

^ ^ mgeprenyi ^ T 10 IHg Y 1 g Y 1000 ^ ^^g 

[lOmLXlOOOmgX IL J L 
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eU«-a JjjjJJjJ <Aj^j . JjjjjjjJ j> Jj- 4.46 X 10 J ^ '3.1 (Jlall (>(m) 

: 10-5.1 yjl*xJL. 

^ ^ 4.46x10-^ mol Y lOOOmL ^j^ ^ ^^^^^^_3 mol 

.C13H17NHCI c> 4.46 X 10"' M ji Jjl^ liAj 

1 "a ^jj"! I I'lljl?! J ^J-^' Ijjn'lnlJ (jl ^jjnlVl(; «ll J «.LaLtSl j^^C. lil .A«Vl (Jj_j]all 

60 t> f-^l <-)^ i^J '(buckminster fuUerene) j 'mij^^i Aijjla 

4^1*^ cjljllxij ^ (Buckyball) ol ^ <^li3l jj ■ujij' » 

l^V ^L<i.l]l CljljUa^)jajj ^yAjlij^\j ^.IxAjoI] A-^joij^l L_lL*aJj (jjin'l^jU (_)ia^)xS (_pal^l 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ (JjLui jj 

jjkw (-ijjla 2.3.5.1 

(jt Vj .(jUiijyi (JjS (jUaJluiVI J i-aLiSloLljU .li^jll (^^AiiaJl LjJLa. jAj sAjjjijll 

(Jjl jsll ii.! '.'-^-Jj ijjIajVl lillj (jc. ^J^l Ajjj J I jiiS 
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liUj 1 llV-i' (LjJ^ 1 1 II A lAii n jjj (1^ »l I r-^fliiil .Ji^ (jl ; I ii*> \\ 

eLjaJI (-jUiijaiV jjJ-JI (jl^ (jl AiAaal tllULull qIoiu ^-aa. LoiU AjSjj^VI >L-^I SJll j 

.Ajj in ill 

.(JUJI <JU Ui>,ll • 

.Ajjiajllj i^iiSill • 

Z" S j) ^^J'^ wW*^ '(^Jd^ -^wW' A^Li a lS*-?^ La I^Aj 4(jjjLa 141.6 (^jLoij 

.(°F) CjjI^J^ jaiujj '(°C) t^jlai' (siiJI jl iJJl jU i ll 'i l jaiuj '(K) (jsK ^aJjol (_jA VLaJtlull 
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273.15 310.15 373.15 

^ ^ 



-459.67 32 98.6 212 

I « I _J L 



-273.15 



t 



0 

1 


37 


100 

1 , 


t 




t 



























sjLji"yi Cija. . jjjoiLoi J ' ' 'J d "' ' J iilililjll sjljaJI ol^jj jilJLui (jjj AjjlLo JS^I 

1(3^ Ajoiiiia CjLojIilaJI .AjjjaJI (JjIul«1I (JL»j«lui*iJI SjuLi ClL^jJ <s«jjaj 

Doran PM, Biovrocess Ensineerins Drincivles. London: Academic Press. 1999. 

U.^ll ^ 100 Wj'W Jc. CiSjCj tO <^^J-J' UJaliicI 

' —273. 15 ° C 0 jl ja. A^jJ ^^Ji jjSj i^aiJl li^ <ikk 5Jjts«-o ^jua j jja. j 

cjlji^ J Jjj^ J .[9] -10 °C ^ -76 °C t> jjj-ll ^ t> Sj jiJl cA^J^ :£l^j 

TCF) =1.8r(°C) + 32 (11-5.1) 
T(K) =rCC) + 273.15 (12-5.1) 
rC'F)=1.8r(K)-459.67 (13-5.1) 



45 



.263K J 

Ajllija. (jjj La ^ (JcUjII 'Li-il jij Aitt^ <j^jjH>- j» tj-^l jjsI jit jA (ideal gas) 

Jl^b Sjlt Ji^\ jUJl uji^ -(^1^1 ^ jl-^l 1^ M 
PV =nRT (14-5.1) 

^ 10.1 Jj^l 0«'>>'u .^SlkJl 4:iJ ja. 4a. Tj c^^llall jUJI Cijlj i?j 



1.9872- ""^^ 



mol ■ K mol ■ K mol • K 

0.08206^^ . 10.731 

mol-K (Ib^-moO-CR) 



standard temperature and jjjjLa-all U^.^l lj s J jaJI 4^ (.Utlui U Ulli. 
(jlija-o LaAj 44j3jJ1 Ij-o ja^a. jj.^ tcjljUil q^L^ Ajji^ (pressure) (STP) 

jUjLuiJI uWj:!^' iaiujJlj Sjlj^Jl 4^jJ U .Ji^lj iai^j (0°C) 273 K ^ 

.^lj^5^i=^j(37°C) 310K L^o^-^V'r^ 

(Johannes jlU J:! j 4j.ilxJI liUj 1^ j i^^llall jUJI 

cjljjjaJI ^ja^ t_jLaua.V jLt Jij (ji^^^ (jiulj J^i tjja. Van der Waals) 
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.(Jllall jUJI lil jLu Jial 

^jj'nt <i JaijJaj sjlja. A^jJ Ijc jliSl (j^ A^lj (J_j^ lJ^^ 4^l!Lall jlill (_jlc 

(Jl^ (QlJjLui^l ■ ^1 J Sjl^)^l A^jJ Ijcj . jlxJI L-ll£jp ^jc ^jlajll ^iaL --^^^1 

t.i.nill jlill s^J^ V*^^' t.u.riil ^ISj .IjiJ 22.4 jUll ^1 jll Jj^ll 

I J mill ^l£i !i2 4t_lLa3l J (JjLJI Jjiill i J^-^J La ^ Lol .<JjSjjl ^ ><JI 

21) J (Lxii^ aaJ\ ^ 79) uj?. jjljjll (> LyjSj LiK ^ I j^l jjili to^jVl ^ 

^ 95.3) uj^j^l c> JjVl gi uj^ 6!>^1 .(9.1 Jj^l >il) 

jjjlia ^ '(LaaLa. Alall ^ 1.6) OJ^M^ J '(W^ <^ 2.7) (jJ^ jJ^tA^' J '(W^ 

(j^ A^ljll (Jj^all cAjjlall t Jmill oIa (_5Jc. (.[is .^j-oll jj-a Aj-a]l 0.13 (_5jLuiJ 

jjjJl ja. jli; j> .ia-ljll J_^l J jja. 4 jja^Vl t> J>a 0.21 (>=jVl J=> 

. jjaju^Vl (> Jj^ 0.0013 1^ </J^ 

jUJI Uti^-i tj^llall jUJl (_Haij ^a j . jUjll ^Jc V i-SjaJI JjJj ^Jc ^jll Jai 

P =P,+P^+-+P„=J^P. (15-5.1) 

j=i 

:4£i*JU ^j^l 4^ jlc. P; i-ijstJj 

Pi =Xi^P (16-5.1) 

Qj»^ UJ^ ^* ' '"^^ '{ (jj^ <'H ^^j^l l~» ■ '-^1 <l.llx^l ol;b (Jl nr'lnilj 

. 'La^jJai.all C,?^^ j'-^^' i 'n\ Ajl_j.a3l AjAuij i_J^>iiaJ 4(_^ jlc. 
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^>4llj olajVl ^JaJI laji^l 7.1 Jli*ll 

.0.01 atm jjJ-Jt Jtiaj^ (jJc- ii^ialt cS jl^ lilj '1 atm O^jVl C?J?JI iaijuall 

:^jVl ^ -A^jH-ii sjL-^ 16-5.1 LJ-«i^ 

=^w,.v P = 0.19(1 atm) = 0.79 atm 
: jjjJI ^ J .(ji jVl Pq^ = 0.21 atm i^AA^ ^JcJ 
. Pq, = 0.000013 atm j =x^^ ^P = 0.027 (0.01 atm) = 0.00027 atm 

(J^jVl -^jl^* (j^ gl'li'iiiVI (jS-aJ dlUlaj jJ_jJaij L_LaJ til ^1 Uj'.,.,*\fl j oJjAaII 

j_jlc. (jjj.il3 J<a'.,. -ti ^ jlLjluia (jj^ (jl S-l^J -^J-^^l (.j^ 'Lajlj A-alsl jj'^"' 

.^^>a]| (_>-ajlj (^ <a.tLa]| Jj1_ja3I (jjajoiSVI 

Ai^oij LiLaC. Ujla caJIc. CjIcUjjI (_jJI J ja^ jll jl JLl?JI J:1j.JI (jc- 

: V l^-aa^ J m jjj iajjj 'c,^ 4jj.^U. (dcnsity) p Ailj£2l .^1 j^l 

P = ^ (17-5.1) 
cjUIjS (jl iLa j.ac J . Ibj^/ft^ J g/cm^ AjuUill l^lAa. J (>j 4 [L^^M] j^i 2ilj£ll U 

jA AilaJlj .Cjl jUil CjUIjS (j.a Llajl jjSI oi&j 4 JjI jjJI CjUIjS (j.a jj£l <jL<a31 ^La.a.Vl 
ULui ^Lall jJaioi Alkil jikl 1 JUiilt Ij^J j 4 JjLJI s-Ul (> AiljS Js! 4jV 4j»«--ll s-LuLaiVI 

.S.1jIj11 i-lUjJI JjJ) 4jiLa s.La3l (Jj^ eLjaJI (j<a AjjUI tljLijJa«la]| j CjtjUill 

Ajij 17-5.1 y^U-aJl (-_ujjp SjUI (j^ 

La jaj (0.0012 g/cm' ) 25°C jJ ^ 4^1^ 
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^2.21b„J^1000cm'j 

ji. j><i jA J t[L^M~']jA e-^J 'IgJSljS t_l jlLa ejLa] V ^ jjll Lol 

. 833.3 cmYg J^! 25°C a^jJ ^ ^ jill ^\ j 



^ P 



21b„ 



r 0.0012 



^j>»21 f 1 jA AiUs 8.1 Jli»JI 

j^Ij Ij^VI sjjS Jill (j^U! ^ ^ *l jLoiVl ia. .iic <.lj4JI Ai]^ <_u^l :^luiA 

(jjC-jlj '1 '^■^^ A1A\ ^ 2.7 4 un'ii (jj^jjilijj 'I "-^^ <la]l ^ 95.32 4 un'i; (j_jjj£JI 1j i n^l 
4 I ml I jjjjj^l 1j 1 11^1 (Jj'j <la31 0.13 Ajjoijj jjJajoiSI j tl <lall 1.6 4 I mil 

Alall ^^ 0.14 — il tjbjj .Ua^ Alall ^ 0.03 Wij ?.L«j iLaa-a. AlaJl 0.08 

Ailj^ i^'^?- (jj'^ -30 g/mol ct^^j <^j^ ujj <-S^ ol jlxJI ^j^i*!' 

(jiijVl ^JaJ (.ff^J * J ^ J-^ 1-22 g/L t^jljou ^1 (J-^J^' tS^ S'lj^J' 

. 1 atm jLjJ c^J^ iaijJa .ijc j 4 15 °C (^jL^ 

jj-o.la.lj Jj^ Alia-l jjaJI --^^ (_lLuiaJ (14-5.1 4jjl«-<JI) j^l jjj^ JnT'lml 

J —58 °C jL^ jioiVI iaa. .iic ,_giaia. jll S J jaJl ^jl jkjd 

4^^^! jUJI jjjUJ Usjj .0.01 atm ^J^l ^ (ili^l U.^^ll Jj 4 215.15 K 



nRT 
P 



1 mol) 82.057 



cm . atm 



mol 



|^J(215.15K)^ 



0.01 atm 



^1000 cm' j 
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= 1765.5 L- 1770 L 

:8-5.1 Aijl*-ll (> «.lj*J (^jll (^>JI jjjll 

^avg =^CO,^ CO, +^N,^ N, +^Ar^ Ar +^0,^ O, 
+ X (^qM qq+X h^qM jj^q + X others-^ others 

= 43.5-^ 
mol 

JjJ >?. <jJlc- ji«J UJ^J^' ^i^^ "^^J '44 g/mol UJJJ^' 

jU ai70 L 4^ I jj^ Ji=>jj 43.5 g ujj jjj-ll pIjA o- j^^l jll JjJl J ijiiij 

p = ^ = ^ = 0.0246^ 
V 1770 L L 

jtij-oj jLucVI liA j! VI 44JaijJa Ajjlja. A^jJ jliil AiljS j1 JcJau^ 

(specific gravity SG) Ajc^I ^1^1 J-aaloi 111 .« J jaJI ^ yJH^ jjjuj j Jai^l 

aAjcl\ ojLal Ajc jill aMiIIj .aIjLJI J A;\,^\\ j| jJI aJU. ^ Ailjill (jc jJJajll 

:Cjl.la. J !1j (^ J 4 p^^^ e-^Lo p 

SG = -^ (19-5.1) 

.1.000 g/cm' -CiaUl^ csjUi (^ill 
^ jja. jxl\ sLaJl jLkjj tJjLoi (_jlc. i t'lK'iH Jj15 jLkj l^j^ 3 U^J 

Alall 0.8 O^J^^ Ajk.n j31 S.U3I jLkj Ajjoij (^ jLoU .lilli Jllo jj^ (.\ 

1^ 0.03 cSjL-u jU-J Ajjoij jli i^jJi Lai .Alall 4 (^ia. ci-aJ (j' (j^J 
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saturation jj*ijJI ^Jki^ J jj^. ^^ if.L>j humidity jll g^^^-i" 

LoAic. cJIjaII (Jjfu: (_jJc. .ojl^)^l A^jJ (_jic. Aojxjj CL-iL-^a (JjLji "■^J:) J 

(relative ^Jiuull ^jiajll j (relative saturation -Sr) jj^I •'^ 

:^^L L> t^sj humidity - Hr) 

5^=7^^=100^ (20-5.1) 

4j_jJa^l (J «ir' I n'l .AltaJl ^-^■J-^ ^ <^hr.Vl e.La31 jLa-J i ^ AjaII 40 J^-^ 

tjkLJl si j^l jU iiiAajlUj .ejljaJI A^J^i Llaj! Aamj Ajimiti 3j_jiaj3l ^jU iSjIjaJI 

V <jU iJjUj t-Lik ja. (j! •■ijLJi «■! (>« jLkj J/l*. jjal 

(jx <l<i]l ^ 0.03 Jujls Aaxi^.^ AauU JIaJ s-LJI jlij (jl ^J^j-a .?.Li]l |_j.<i (Jjlill V] (J-a^ 
100 <^jL^ Aju.ii Aj_^j) LaLoJ ^Uiifl /2-.<„^flj dllajVl - 4 Dja. (ji '^j 4^^l (■\ jA 

.(a1»1I 

(molal ^jlajJI J (molal saturation) (Sm) (J^j^^ '-jj^j 

Lu humidity) (//m) 

Sm=H^=^^ (21-5.1) 

jUJI CjV_^. aJJ^I jllj ^^_^l ^\ t^jLoU .U«JI ^ ^^1 JaiujJI jA P J Uj 

U.jjiax 4jK3I jUJI tliV ^LJI JUJI CLiV >o c^jUiij .i-aUJI jUil cIjV 

j^^Jjoull ^^jiioJI i-ajstJj -(^jiajil ^Lall) ^LuAVI ^j^j- sjajlaJt sjLall Cj^ 

:^tj LaJ <Jjla3l <jUjau]| Aj_jJajll j Sp (^JJ-a3l 
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p. 

Sp=H„= 100^ = 100 ^ (22-5.1) 

P-Pi 

.Al-Jl ^ 100 2^ 5'm ^ 

jlc. Jjia jjj^-ol AjI j-oll 4 J 1. 1 'ill jl Vtii t I Li'> t V^^J 

^j^l Ajjiaj 9.1 Jli»Il 

I ifcj iAj-all ^ 0.3 jLuU s-Lall jLij (j-o Aj-a^-i. Ajjjij (_jic. lA^LuM 

• —58 °C ij J^' ^j' ^J-^ CS^ 100 U l.^M jA J»->J 

^ ^Ull jUJ ^>]1 , jA L« (!) 
frLall ^1..^ ^* - ^ ^_^jLi.jLJ & 15 C jLuij ^_5^1 ^ ^ - ^1 (_>^^Vi ^-iajoj fi^l^)^ AjC (s-^) 

sLall jUJ t^jT>Jl iaij-^' jA La .12.79 mmHg 

rAlA J. 90 cJjLui jll lij 15 °C 

^ U.I ill (j! J] Ijlijj .0.01 atm c5j^J jSJ^' ij^ ^y^^ JaijJall jl ILLu UjjJ (1) 

^ fUll jli^ ^>J1 \.\ , nil jjSj li] .(Alall ^ 0.03) 0.0003 ^sJ^ c^>^' 

^H,o =^H,o,v^ = (0.0003)(0.01 atm) = 3x10 ' atm 

:22-5.1 aIjUJI Sjiltl (l^) 

VP - P.I 100 Vp - p .*/ 
100 - p.*/ 



P, = 



100 \p 
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P* o = 12.79 mmHg — — = 0.0168 atm 
' 1^760 mmHg J 

IjjLljLuJ iJ^J)I\ sLall J^^*-^^ ^ Ajjuiillj ^jaJI iaijJaltj 

90 f 0.0168 atm V, , x 

(latm) 

lOOi latm-0.0168atm ^ 

Ph n = ^ 7 ^ = 0.0152 atm 

^ ^ 90 r 0.0168 atm 

10o[latm-0.0168atm 

^H,o 0.0152 atm 

x„ nv = — = = 0.0152 

P latm 



.^jLuuVl (JjS fjA (jUailuLiU !>Ljla (J«-?-j Aili-o oLla. AjjJ ^^Jm r-\''i\ ^jA_ja. 

c_iUill 3.3.5.1 

J 2Laj.i*J) 4Jl£ll Jj*i» il 4 J^Vl aLjIs tlj^jU. j3 iajkirill jja. jkill 

(j! 1 jlij J j^Vl AjjjL^VI frl .^r-Vl J J .lAll ^ ^ j! iliJLij ^ J 4jxutJl (JjI 

.aHo ejjjjJa AjjJaUjll (jjjLull Jsta-i La IIAj 4Ail£l) ^(.Ijut i-ijjia i ^1 CliXjasiil j 
^^^ic 2 , ui-;. ^ 4^ Alu jic jiuill ajLja JjclLa iJJ^\ ^uoiaJI ^Jaj (^Lu 
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AjtjVli 4j>jai:JI ^ 2 jqilJi J ClUj^T^I <ilXjJall AJUjII j2 t_lbaU J t^^jVl 

Ail£JI i-jjjii ^^ Sio (JjlUa LaKj .^»*iiaJl ^_Pajaill flj^Vl ^n->n ^^1 Jjuaj 

.[10 '4] <-s«jJa! SjjJ ^Lo _jkL4 -'w .. J 44iaj^( 



jsJAlLall (jjLutijaiA ^_jiia_jA]lj <L-^ (Jill j (Ja1j& ^juJaJ Ua (jiaUiui 

jliJl) U^.-Jl • 

Lj J^U. (LMt"^ j^l) FSjSlI 4^jaJl ^IjII CijSl ^Jc fUj 
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F=ma (23-5.1) 
ijnW\j (kg) j>l > (g) j»l >J1 Aiill j> (jj /iLLo. j£j LJ liajj 

AjjJj 4(N = kg.m/s^) cPjjjJI SjaJI cjI^j j>j .(ton) u^l j (lb„) 
Sj^Jll ii^V .(Ibf =32.174 Ib^.ft/s') ^LEll SjxJllj .(dyne = g.crf) 

. jjslia^ (jjjjUjja (jjjjiiA (jLt<aaj jtislta-a (jlj.ia.j LaA (Ibf) AjJSlI SjjjUIj (Ibm) 

.(3.72 m/s' J 0.38 g csl) ^ ^ (g = 9.81 m/s' =32.174 ft/s' 

jj ■^■^1 o^j^^ ' Cy^ J- ■ ^ ^-i. ^^^l ' '•'■^j ojsll (jli 111 

(^jJl) g jaJI ia jLJl ^ jLui J m '^jliS J (LMt~^ jA o.l«J (^jJI) W ^^joiaJI jjj jjj ^iUI j 

W=mg (24-5.1) 

(jIajVI ^Jajoi jaj jA La^L^I (jV 1 <i(;jiii<"^ CjjIjIIj ;jjjllj ^P^' JajiuJI ^jLuo <^ljj ojjll 

:^lk!jJI 

i kg-m 32.174^^ 

g =^^ = L (25-5.1) 

IN llbf 

.(uj) (jai^ll ^ <iuJI (^ja.Vl J^l J*il jljJ ' JjJ^ 

(j! .laj .24-5.1 5JjI«-<JI JLutiuiL ^Ijc. jLS ajJjS (_^jLii o^Ji\ Uni-> ii. 

liA jjjj i.iHitj .eA^lj AjliS ejJjl ^jJjS ^Jlii j^l Ltuia. ikj .qj jjj 9.81 i^J^-^ ^jj 
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:^^L La (Jfij ^uaiaJI 

W =mg =llb I 32.174^ I Ullb. (26-5.1) 

* s'J^32.1741b^.ftJ ' 

Ajiflii o^>ijl i_g aJIaIII (_jJ1 "—--J oA^I J i^-"!^ ujj uj '^-^j 

<-<ua31 jLu Ibm ^jJjill ojjjU 2jj:ix]| Jt 1 jlij j t^UajjJI j»Uiill j 

^ AjjIjIIj SJjS aii.j |_yJ jVl jl -La^jjJ OiLiiil J (jl tlbf <i3l£i]| ojJjii ^j^i^laJI 

dlli^j La^ J ^I'a^'-i- - jjtjjjljjja jjli-aLi. LaA (Jj t(jjjal£ia Luijl jjjjlij SJj^lj 'jjjj SA^j 
La Ij^lLj .jiljC- jii^l J clP Jjjll (jJJ 2JjU-a]l£ Ajljill SjJjUIj AjEII ojjjUI (jJJ aJjUJIj .4i]lk-a 

La^ J Jjjll J .1 (^jLaU ! <l2:i3tl\ <-aja3l 'UaiJi IjiA J J 

^Uiill ^ g _J 4-ajaJl (^jLoi _J 5-ajall Ijikj 4 jS3 .ejjLala ^ 



ju>»Jij o^jVl ^ oOj'^i 10.1 Jii^i 

AjJjS t-ljsik ^\J^ ^j^^j o^M^ 2j'°''' ejjjill J J cjj jjjlL (jjjll i.uii'.l :^JIuia 

.(2LjliSs^ 154) ^70 

W =mg =(70kg)(9.81^ | = 687^^ = 687N 



W =mg=(70kg) 



f 100 1 



sMl Im 



W =6.87x10' ^^ = 6.87x10' dyne 



W =mg =(l541b„)| 32.174^ 



llbf 



Ib^.ft 



154 Ibf 



32.174 
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jiilUJl ^^ Cjl^jJl J V liA '^j '^J^ » JiJ^ 154 (^jLui '^jIjSj ^AjE SjjJ 154 

W =mg = (70kg) [^3.72^j = 260^^ = 260 N 
= 2.60x10' dynes = 58.4 Ibf 

(j^LkJI (^'-^l S-"^?-^' A£.lijjlj SjjjLi 4iUa ^iiui (_5Jc. ^xuTi. (JS lililaJ 

t> Jia. ^ j> potential energy (Ep) ASUaJI .i-iSjSJLi 

Goule) (J) Jj?JI A^Ull Wil^j 6-j '[L'Mt"'] jA aaASI] AiUJl ^^U 
(British Thermal Unit) ^jjL^jjJl '^Jj=^^ s^jllj c (calorie) (cal) "ijj'j^'j 
■.aSA^^L m ^ ^ .(BTU) 

Ep=mgz (27-5.1) 
f Li^ ^j- ^ ^Usll 11.1 Jli»ll 

600 AjjLjaS AjS^o ClL-a j Ctj^Ha^l ^ J\ y 1 Jaj <jl (j^JJSl :5i-uL» 

(-jljjal ^ J ?(_pajVl AjjooHj (J >?JL|) Aialill l^Ua La .LoJli 545 ojl^ ^lijjl 

^iaj-u (_3ja ^liijjl -Ijai (jJlijll Jiail ^^jJaij i^j-all ^Jajoi jj-o Aj^j-oll 

^(plLyi t> (jl^i 7 :utj Alal^l ^Lkll i-i^yoi jtjjJl 

<_sj«j (_5j1uia1I qa L-ujall j^l ^iajoi jjojij 4 Jlflall IIa : JaJ) 

£,=mgz=(600kg)|^9.81^j(545ft)|^^^j = 9.78xl0^J 
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:z 27-5.1 aJjUJI 

9.78x10' 



mg 



(600 kg) 3.72 



[ 3.28 ft 



1440 ft 



.^Ul ^"liA Ji aa^\^ Jai^l jA (absolute pressure) Jlk»il JaL^I jj 

ia jxjJail Ax^aij (A-iL^all ^Luia^Vlj (JjI^^I jajT i ^ «.UaC.| ^jj^ (La^^/iCj .IjjjLLiV lajS.^ 

^ulIJ J .Lujoij J ililk-a Uaij-^ ^ J J (jl^ jlill iaij-^ La! .^ilk-all 

^LoikVI ^ jx.ia >a 4jjj<JI Jai.ja jjj jjill jA (relative (gauge) pressure) (o-^') 

I Qli ^SXa^ J t^^ Ini'lll I hll (J'lJ^ InT I lilt (JiiLli i-lll n (jj . InJ^ J^l JaajJaj 

t^j^i U.nll + U.-JI = tjUaJI U.-rnll (28-5.1) 

(psig) jUl 'J^l lW" .Ajiuij j! ^SiU. ^^ic. ULja-l ^- ■ '-^1 i_ijaj j 

pound/in^absolute(psia) J tUwi Lki^ pound/in ^guage 

(Jjlil ^^^Jjoij iaijJa jA 70 mmHg CSJ^! csill O^ljil ^-^1 Kt.^j .lilLui JlaJ 

i-lia. (jLiij^l ^xjoia. ^ ^.l3l ^i;-i-i.J ^Jcj .830 mmHgsJjia lllia-o LkiuJa 

- ■ ■■■^ ^1 JjI ^JJJJ OJjOll ^ AIloi Jjclio \j^J^ 

(_jJc {(jLajVI AiAujaiJ f.\ jU 44j_jiaj3lj sjljaJI oAjiii ■ "'J' ^li r ^ .'J 

< .1.1 111 lj . JJSjll 4ji.j]aJ ^ill f.1 j^l (jx <Jjlaj Jalj .ijj! (jj^ t^^>A]l j\ (_pajVl 

tlil - . ..-^ W ^ f.Lal\j ejljaJI I 1 i n <i iliJajj Uab «.! j^l ijiflll j i^Vl JJC (jl ninniVI 

(jc ^Ull AiUall ^.ij (heat) SjljaJI j .(jiiiill sjj^ ^Jc^ <aUa ^^joiaJl jSii 

A^jJ ^-i^ AjIIc i^J^ AA'J'^ (j.4 ^j'^'^' (J^^ ^f*-5 ^^J-^ ^J-^ 

.Ijja (J.4C. Ajjbl j! A-ajJilal Ajk-WI aSLLII ejLijl sjljaJI JLaalail .4jJaikio ejj^ 
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l^j .(work) 5L»ft ojljaJI ^ jJJ c-ljuloilj j.^.-^fl (jc. j»a.lj3l AiUall (3aAj ^flnij 

<-<ij!ill lillj j-a Jal 4-4^ « j^' OJ^ 'j:iJ-»^' J (.\ r^hW 

l}- J .liJljA ojJjS Lai 111-^1 liJjaj j! jj^oj 4ijiaJI dUi^JI jjV 4(>ajVl ,_ylc. 1^ mji 
Ajiiija iALjia A^Ujui (jii ja. ^ (jJaiJI jA (>=jVl o^A 4Jl^l AijJ el£La^ 

iCjXjaaiil J ^Lkail jjc jjjll ^S->C- Ji^Sj ^Jt\j jl (_^JJp «.UI c^".!!-!^ J 

jl Ini'.lt ^ Uik! sLlasll .iljJJ jjni1"l(i n\\ (_jk. djljUicVl jL-adi.U liislj jSl 

(AiajJall 4JI£11 j ijjjauoiSVl j «.LaJI (_jJj jlliaVI io^ijjJl AjAjill ,_>Ak]l) ^>a]l <_5J£ i-ijjlill 

CjlLaJ) jAj iliUj 4.3.5.1 

JU.jU AdijaJI tllUjlaj-iaVI ^aJUt-a jkill «.LaLJI l^lJ t^jj^>ji*JI jjall till JJl/lni 

'1990 jal^ . CllLuj jjall <IaLui jJ djUjaJI Jii (JJ^>ia ^ ^uaiaJI <jajiaj t^ljj^ 

jljiaLjj (jjJjjjjiVl jjc. AsJU-al <Ai]a 5jLS olja Cj£jL2j Laiia. Uial j ^IjjaVl liA 

JLxuLkul (> i-ajj«j cijlia J .(adenosine deaminase) 

deoxyribonucleic (Ij^i) ^^jjj i^jy (>=^ c^' JLa«i.Aj| 

J (j^al j/>Vl AaJUt-a] (ribonucleic acid RNA (U j) c^jjj J acid DNA 

QA J (_LiIa J ^1 - '\\ A\<.^^ I'llajiU' Jj i^ja^l (Jlilj^aij cljjLjjl J .l^j.^ 

(Jajj Sijjia .lUJ Jc Aal»J l^^l-^ ' J Vj 46.iC.lj AjjjaJI ^aJLx-all j! 4 ^■.11 
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jA J t(cystic fibrosis) (^^--j^I ^^j^ tUjill Ijjja jSjj J AaiiaJI <=>Jlx^ ^jlxu 

^AIIlaa ^j-lxil ^^-ijujj U:?^^^ CS^ ^ '° iali-o U^^)^ 

JJC. jaj (_jJc ^iiij^il i aji'lll j^gjJa^ 3^J^ -U^^^' ^ ^'l I II n I— sij j_jJI (_^JJJj 

AjjII CIjI jl jsj ^tijV jxo^pUl ^iall J pLaJI jjj jjl ,_jic. ^jjLic. oUS jJJjJJ ~J-^ ■ ^ 

jjAjJa ^LiljiJI ^jj^l t—llaj tAjjiall .SjLiJall ^aJjl^)^! -IJtJJj 4j'> .r-ill 

^■■■J<^l t_ijil3| (jiaj^ j^W^ <iJlx^l '2 .X;<l j»C.J .(JJ JJi^ ClIjLja-a 



'(HELIOS Gene Gun) o^jjIa dbjaJI iLa* CiLiiJI Jij jjIjL j> Ln^ 
.(electroporation) IjjWj*^ cjLaLuJI 

(jx s.l£^}jui ^ (Jj (ia^ Caj^^^ Oaji^ ^jjiiiVi(; «ll ^ (jjul i^ilclaij i jl 1-iTi (JLiVLa-all 

4<lLaJI oIa .lilllxi iiljl£^>ai ^ V ■ <il ^ jxi^ (_jic. Ijjila (jj^ 

.La^j-a (JS L_l]l!Laj 
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CiUjiiJI ;2.1 (Jl*ill 

ojji nil t " IT J:J^ j'^>^ 

Bio-Rad Laboratories 



AiLi^x j> Lyjaj ^ jl Ajlk (DNA & RNA) oyjjjll j>JaxaJl£ 4<jjjc. 

jUj (_gic. t^T I ^11 (jJaj '((^ 2~1 jaJ (_5«J jt ^1-1 mil jj-o Ll^^Lk 10~5 t>aj^) SjAi-^aS 

<u^U. jA (linear momentum) iJai>lS j>Ajll jl .^^jotJI « j^j WJ'^-^V W^j 

([LMt~^] oa«j) p J ^ij'i ii'-> II ^ja. LlsS i_L-aJ 

p=mv (29-5.1) 

.(jLcLjLjj (jl jl^lLi i»i.jll J Ac^jjoJI (j! iaa^V 

^>aJI ^Jll ljLua 12.1 Jli»ll 

Acjjau t-lllia. ^CiA (j-0 DNA llj (^iia-a S-lAJ jxLujk] ^ 1^-^ H j^jll L^Ijai:^.! :5JLulS 

100 —J ^l^ij tjjjll-a 2 (^jUtJI (-lAill ^y-'y jla3 l5 .AiiLJl Ja^ 1100? 

LjAjill AiljS U .6x 10"'^gt^jLai SJjS (plasmid) 

.19.3 g/cm^ c?jLu£ia 

aJjSJI (_ijaia.l .Ajcjioi J AjIjS Aija-a V J Ujlc ^wuia. j_^V (,^^"^1 -^WtiV 'tJ*^' 
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19.3 g U 
cm' J 3 



: 8.09x10" 



'"parade = 8.09x10-" g + 100 (exlO'^^ g) = 8.09 xlO"" g 

;; = ^v- = (8.09xlO-'-g)rJ^Y "«"^-^'" Y^¥ '^'»-^^"' l 
^ ^^lOOOgJI^ hr J^3600sJ^ Imile j 

= 3.98xlO-"r^ 
s 

j! I jlajj .dlLujoiaJI (j-a 0.5 ,_5ic. CjlilaJI jj-a Ailklall (jji^ 

^lA] j> ^LilLiaJI cjL44Jl ^1 jli i 8.09x10"" g c5jUi (^i;-^. 

. 2.4x10"* / kg.m/s ja^ t5^t ^jj L« I^aj '^4^ OB^ 6 j^j c^jLay 

(^ikJl j»>Jl J Ajjljj-^' ^ (angular momentum) j>Aj2) J^xlo^j 

.(JliUjaJI (J.ac JP^I <J nn'inj 

l^jj S^jJiial] ajjU^VI a£j^1 L-iiuij lilljj toj^a^ (kiuetic energy) E^<^ ja. AiUa 

AxAlt ,_j.ALai jl.iLa ^ Aj^J^I AiUJI .(Sjlt ^ir.i) La ,.5*=i->o jUal Aj.uij3lj 

V J^jj^ *^J=^J W ^-...17.1 ^jaJI <aUall ^ ^'-'j .l^.ii4l 4ial^l AiLUl (Jjl.la.jj 
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17 ^ 2 

E„ = —mv 
2 



(30-5.1) 



AjS jaJI AiUaJl ljLua 13.1 Jli»Jl 

.ClLua. ^ DNA — llj (^li" i-rJAj ^-.J.Al ^J=J1 <aU=JI t-Lota.! iAAjoiA 

jAj '8.09x10"" g LSjLai DNA s^ill ^4^4 42.1 JIUI :JaJ) 

I^jJjLiiaJ] AjSjaJI AiUall jLuii .AcL-Jl ^ Jj^ 1 ICQ i^jXjjH Xcjuil ^Xal\ Qja 

t„ = —mv 
" 2 

= 1(8.09X10- g)f ^YfllOOmiles Y 1609.34:..^^ 
2^ ''^lOOOgjl^^ hr j^3600sjl^ Imile )) 

= 9.78x10 ' J 

.(Jja. 0.0587 ^ AijjiLoJI tllLoAuiaJI iJJ-aaJ AjKll 4j£jaJI AiUall (_5jLjiJj 

J J cjliiyi ^ j-aa^ ^ (internal energy U) Aj11|j2I ^UaJI j 

ClIcUjII (jc J tOllij^ AjJ JIaVI J AjjIjjJl jj£ A.^Ljll AaLkll (j-ajJaS J toJlUl ^ 

^iUall J .tllliijaJ] ^J^l UJ-^J S!J^' ClU jLall Jclijj A^ja. jjtj il^JJJ 2j..,jUu -jj^<ll 

AiUall jjij (jLaJ 4 JllaJI Jjfui ^^Ic .l^ljjij V J t<alia-<JI l^iojS 

djLa jla-all tljja jj 111 <i\ i jLoJ <jl 4o^Lia CjliiaJI ^-^^ dljjaJI Jflj jja. AjlkUl 

^Lij^l jlilll o^J^^ ^ c?* (electrical energy Ee) VWj^^I ^I^' j 
(_>al jiJl j> Ailill J jc. ^Jc ^ (Electric charge i/) ^Lj^l 3ja-uil) j 

(^jLiij .(colomb C) UJ^j^l Wj-^JJ '[tl]j*^ Ajau^l .iju '--^ J 
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J jjJjjJl Aiaui a\-,u«^\ AiaJlll j AUu«; Aia-^ 6.24x10^^ jj^J^' 

Ajaj^l JLka J .4 I', .'ill t_i]Lj (jjj^' U' 

• t^bljli cjjIj ja IIaj i jj3 j£ 96485 csjl-y cjU jji^VI t> ^Ij JjJ 
jUj^ J.i«-aj LixS jlsAij icjUa-^l a£ ja. (electric current I) ^Lj^t jLjJt 

t^jaj .j^Lij^l jLui] AjuUII (_>:a*j 5.1 Jj-i?JI a-»^j .(lA = lC/s) 

(potential v OJ^' Jj^ s^iljlall Aia^iJl aSIL 'oAiaij ojj cjUauill 

ejilc 4[L^Mt"^r^] jA 4 (voltage) kAjj^\ ^jill J difference) 

jljlkl ollijiJl j> jiiS V lilj t(j^La (jjxS jj3 c(phospholipids) Ajjji^jill 

4A:a.jLi. ^\ ~ ■ "-^ II (Ji.l.i jl^f f.\ jjji iLljLjj^ dlLoLoi-aJI .lj!>LkJl ^J^^ Aj^Vl 

t l A < l^Aj a " '^^ l A-ii^Il ^a ^j^LuJi pLujxIl Ajdi^jfl J . .Xt * ^\ AjiLfr Ajii]^j3 i" \\ . \\ ^ t 
.CjUiaJI Jaj J ^ ^jLaJ liSlijj tAjlaJI J jjx DNA 

' 'j^ ; jjjilaall ^)JC. AjjIj^)^ ^ ■ (JLijjj .^lj^>^ -^J^ ^t!*^ iAJLoi Ajajuij 

jl^j^liL, (charge) ^ ^ja-ill j (capacitance) C II jj .1^ j^-^^j L» l^j 

^=Cv (31-5.1) 
• C/V c5 j'-y ls^I (Farad) i jUlU s ^ [L'^M'H'^T^] > ajuJI 

AiaJill ^jjoiJI ;_aLja.<JI DNA —11 cAJLj Ai^>'ii (jj^Jla DNA —II (jl 

dilLa, j2 ^^J^ ^ Jtlijllj I jjS Iajj lijJ^ Ijj2 (_5ajJj AjlaJI (J^Ai aI*^ La IIaj iAja. jaII 

.(adenosine triphosphate ATP) jjjjjjVl 
^ 14.1 Jlikll 
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4 W niH (jj^ Ajjjijaijall Mill (j* I'lU^U (jx liiLaJI 4 j uir.! (jj^ lA^LuiA 

70 l5 s-Uic. _}jc '■^)^ .<xjjj Olj 2 a ;< ^ UjLucI (jl^ lilj 

^ jj^^aj 4 1^ Mill I jiii'tl i^^^l j'lnn'uiiil jljlijjSxa pi mitII 4juai tCLllj^jijn 

.Ij^ JJ^LlA 15 sjJaS (^jLuiJ (_^i31 4jlaJl fLic. 
, ^ L. jLa\ l 1^1 «j< . ^LilaJI J " 23U 2. ...t l J ^QajjiJI jjii 4i>LstSI (Jail (JxatLmj IjJ^I 

:A''i-\\ ian ^jLuU ej$l\ ^Umi mitII l^^l'i^j ^^jll Al^alall (J^^ '^^J 

471 = 47i(7.5 urn)' = 706.85 urn' - 707 urn' 

31-5.1 AlA^] 

1 cm 1 



^ =Cv = [^l-^j(707 ^m')j^^^^^j (70 mV) = 0.0004949 ^iF.mV 

= I 0.000495x10-' — -mV I — ■■ 
{ V j ^10' mV J 



4.95x10-*' C 



4-aja31 ji ^J-. , .jjljS 4.95X10 '^4jLiJI «.Lic. ^ 2jjji^l CSjLoU tijj 

Jaj Ailii^l 4jjjaJI 4jjLloj^I J 4jjLijjs3l jjjoiaJI CjUlT jj^ lSJ^^' (JjLjjaJI Jaj (Jjljia 

OLu jjjall 4JaLu _jj Cil \;7> 11 Jaj AiljL ^ ^1 jUI lillj .LL^iJI Ji.l:i Cil n-^ II 

lilj .LlIsJI "(_5j.i*JI Jail" 4jjjiajll oijjjall 4j1j13 (-Uuij AjUt: JaiJl o?.US jjSj 

e_^^).all '"'1 "'/'JJ.'ll ^_>J^1 ijiill (jj''^"' (j^l ' y JJ^"'^^ ^1 inViVl dliil 4_ijaijjjs]l tlL^laUll dljplS 



CjLiiaJl Jaj JiioiJ .CLlUjaJI Jlj] (lipOSOme) ^JaUll OX^^jaJI AiljL ^ J-aaioU j 
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Cjl*^ 4jL2a i.iinnj .AjauiJl i_JLiJI DNA — Jlj (aW iTjUjjI 
^^^^^^^^^^^^^^ .(_gjJa^l djljjaJl Jaj] Aj^l J aLjLi jUJ Ajij LaAjJC. j 



liAj '(^^1 ^joiaJl ^ jLij (Ja.|j jjl [jS^ La^jJ^ t jj I h^'lH j^jjl^joi J (jiljb<a±i.j [jjijil^)Jall 

.4jja-o 4ilala ^) l^^j^joj (_paL<i^Vlj Ij^l (j-a (JS > ' ll "lJ7» 11 ^>»lLiA (Jaj L» 

jjx JS Ajjjjll (jiaLaa^Vl liia^ (jjjil^>ii31 IjK Ji lillj i_sL;:4 -^Jj^' ^Ljia.Vl (jjSj j 

.(mitotic and nonmitotic) JLnJt jjcj JiUlaJl ^^jliJI ^LAiVl cjli Li!liJI 

(jl Cin ^ iAjjlLaHjj .ojjxla Ajlc-lij SjJj-aS JXa (J^ili. ^^>J-u t'li n-N (Jij (JJ'i'^'i ^^'^l'n■^ll 

SI (_pUa"y djUjaJI IjjlnT'lniJ ^^1 L_lAill cllLaluik (j! i ^ .dL^l^nm (jUjJali 

cjULouJI ^ J .^1 Ji.b 1^1 VI cSjL-i jjc J tjL^ RNA —SI j DNA 

Cj) Jia J il JJjS l^Jla-o J i^JjS illUiajjll lil AjkJl Cjij^ Ji iLuLjj^ 

(JjlijaJt JSj AjlijS 4ja.!i*JI tllliukill ijin i^LoiVl (IiaJI Ji,-iUll ji£l\ ^jSjSI (»c.JJj 

J 4(_5j^Vl (JsjSI (Jajj ^^jjjsll Jal jjSl ^AAx^j i^LojaVI >« SjUll (jij AliaJI Aj^ jj 

.AjcLlaSI (JxiSI sJj iaiUJ j iCjLilaJI 

dlSj (j^a .AjjlHSl <-4;j-..^H tSlSj (jC. Ajxa! AjiiLkVI 1.^1 >?-SLi SI. ^",^11 Cjljj*j-aSI Jij V J 

^aXuij S^ ■ ^ J t^jijASU 4S!ilc. V CllLuai jj-^'l SjjjaJI A:aJts«_a]| JLatluil jjc dlVjLuijj 
^LalaJl J jxloiJ jj! til .4->lUnll AiKjj tAjjfkxSI Cjtjliia.VI tllljl JJaJI 
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^j^jjjiJ) (jiiLiiaJl (Jaj (_jlc. ^Ljij j! jS-oj J -^J*^' jiLiaia t^jjjiJI CiliriJI Jii 

AiiadJI 4^1 jaJl jcLuM 5,3.5.1 

(JjIjj j_jJc. e^Luij Aj^)j-aj Sj_ji-a (jJatll ^ ^_^jJa_jx jj-^ - AjS±ul 

L_LLuLi J ^j£<iJ {iLkkVl iiuiji jV tAj£uiJl ^ Aijlll JUi J/iLxj (jjiaal Ai.ljaJl till jJ 

(Johns Hopkins Microsurgery Advanced Design Lab) AiiaJ a^I jaJI 

3^3^ JJC. Aj^JjiU AiuuJaJl sjjjl^Ij /Sj<..'!',\1 ^Auj j A:^l jaJI CA jJ (jJJ (ju-alll 

Aiu (> s jSjlJI cjUjkJI jl^ '^^^ jA J ^(Microsurgical Assistant) AiiaJ 

(Information oLi jlxJL. Ai-^^l a^I j^l ^Lkj lAiiJI a^I j^JI jcLa^ u^j^ ^ 
(SteadyHand Augmentation aJI J jii^l djLjJ j.Lkjj tEnhanced Surgery System) 

eJllx. eji jjSj V Aji.-ij-i. ni'i CjLo jla-a CjLa jkJU Aini'.nll Aj».I jaJI ^Lkj ^j-aaj .SyStCm) 

^J^'-J i^^jiiaaJI (>ijll AjaU^yi ejLa jia-<JI sjiA jS jJJ .AjjjaJI AjSjjl^Lall jaJI j 

4(3.1 JLiJl) AjJt JjSlail sjUj ^Ukj La! .IjjS AcLjIj Aja.ljaJI JauiII JjJas! AiAaj ^IjaJI 
Aj^_^ .Aj^iijJI ^j"'' 2^JP ASj sJlLljl AiijJjj Aj-<ala J-utJuija 

Ujjua I jij^ tililiUjjVI (> AjIUJI cjl£jaJl »1 ja-U Ajoij cja^JI ^ sA^I jaJI SbV ^1 

Ajjj ■j'.-^' qa ^l^)aJI (jS-aJ A A] (JjiaBI AjoiLi. jal.lxjl ^1 l^jlajj IjiLji-a 

(Jill (jt f_yajxJ ^Llajj iJll JJJ^I -ijj -iiS L>* *— ' JijJ^^ (JLaaHjoil (jJ^ A^I_^)aJI 
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.U^a. J jLiij^l ±Li A's<.An\\ (ill) ^Jc\ Allj ^1 jaJI 
.<£^ ^ajoi^l A^uoii ^jWim'l Init i >i\\ jIjLi j 




^Lkill jk&i .ALaJ A^ljaJI JcLouJ j_^1jJI o'jSJI jAj tJiJl jl jiL-l SjLj :3.1 Ji*i2) 



^U^I jjLit'iiifl 44jLauJI sIa AaJl*^ Uaiii. (jisUijo: c^jJaLa]! IjlA ^^i 
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^ 2jjLj Jya aj^U. Jij jl (flow rate) (jaUll Jj«-«j (rate) Jjjua jUl^.^^ll cUxloij 

e^Lall ^JSJJ (J.l3«-<i ijc- .ojlc. (Jit-all JJ«J^ _>°J l3J^ AjaSjll L>* 

t^n^'.lt (jajoll j! 4[Nt~'] n (js^ijll J '[Mt"'] m ^^ii^l (ja^cill J.i«-4j 

^^jJlj tia::!!) Jjj^ SjUI <^>]1 (jjjll J-«i^j .[L^t^^] y 

.j^j-aa-aJI j (_3i-2jll jjJJ (Jjjajll ^(;"'^^^^'^ J nt"! i n"ij 

:[Lt"'] ^1 V J^LoJl '^j^ .[L^] 0^ c^ill 
V =Av (32-5.1) 

y=-Z)'v (33-5.1) 
4 

. [L] o.i«Jj 'ls uj 

: [L"^M] p J^LoJl Ail^ V lU^^ j* m (ja:iill J:^*- j 

m=yp=Avp (34-5.1) 
n=^ (35-5.1) 

(_^a-all (jl .jjJJtSI <Jj.xi.lll lIiI jjt nill _^)JC. i».ill (33.ilj ojLall (J^JJ (J.I31-0 j»_JgA<i ^Ljajj (jS-oJ 
Ailj£ tjl ^1 1 jlij J . 8.5X10"^ mL/s J^j jLoiJ 6.1a. j <lj<aJ ojJ*JS JJC j>.ill (JS-^jI <-« jll-all 

j_5jLiij j^jIjS (JSJj J.i«-« Jj^! jjSlall «■> 11 (jaiill jU 1 1.056 g/mL (jjUii ^.ill 

^U^jC. ijiaLi Aja.Luui <1 jJajoi! f.lx. _jj j-<i.JI s-lc. jll ^loj Ijj Ajj t9.0 XlO"^ g/s 

.^Lj= j*1I ^iLall j«j 9.0 xlO"^ g J 8.5x10"^ mLjU ^ j^*- 
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(laser Doppler velocimeter) c/jjjM o^Liio .CiIjjVi (> JLuLLuiU 

<Jf.ji\ ^ 2<j^'.„\l I'.Uja. jjc. cSjjjl ^ItiiiI ^^-i-^l ^-aljaj'il 4^ -^-^^ (33-^1 J-la-o 

^ j^^l jll ^J^S1 i_}^3ua ^ ' _ ' ■ ''""'J J C)i^^^)i^ on ^-^ jloll 

t ^ J I i-ill (Jji jjSJjll (_>*iLli« jA (ji^l (J.lji-4 JjAaiJ ^yil 4^ J .^LojaVI ^ jjJa_^ 

^>ijj-^ (>"LlLaj nijlnn <ij^)^£3l (jjjjll (jjiLlLo .«.l^)AaJI ^ajll Ij^iLi. ^jc. (jii^r'n 



.Ajjlilll ^ ^ 25 csjLoi 




(36-5.1) 

A 
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pound/square (psi)j Ibj /in^ j dyne/cm^ j N/m^ A*jLi3l JaiujJI cjl^j (>j 

N/ J tPa JIIluIj ji<JI ^Lkill iai^l j \J .inch 

J D^iLo (_jJc UaiuJa ^.lij Ajjli. 4jjLa, CLljl£! iojLa .kg/(m-S^) J 

» ^a^'"" ^iaL&il 1^ (dll jUJI ^111 ^- ■ '-^1 UjLoi luii^U ^ -L^J^^ <)j^ 

(_5ja Lil .!AjIa (jj^ c<ll*-a SjS (J^! jj^j .jjLi. 4 l;u^ 

ililj ^Loj I'll^l nin j^gJc ^jjpiia iSjJjS ^j^' I'll '.I Mini I a. JajlAall AjLiij 

AaI jaJI Cjiji 16.1 

^jlJoull ^ ^1 djlLlall I J 17.-1 Ajju (j£J . Fg <iu«-a 0 j2 jja jjSI _p 

jjilall 'Pq J i^Q C> (J^ UJJ-^-^=>-» U:A^ J '36~5.1 ^i^iU-aJI :(JaJI 

(JjljjVlj '.'rj 1^ (^Jj '-J.'J ALklxiui) Ailla^ Jllii! Cjli Sja_^ (Jjlji 

Mill K"".'^^ L_lLaiaJI liA (j! Jaa-V .^1 jaJI J <a.Laxi]l jLix^ CS^' 

«.Uaa.VI cJj' t-J'^ ijjl^)^ J:!_?^^ (jjniVij; nil jaLolj .^_^jJa^>A31 (jLolj Aja.l^)aJI 
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1 t\ I >i\ .LujiuL^ diljj^jaJjJI JjjS jjx CjUlaj jl^l iS^L ijA <j^ljaJl dlLiLaaJl 

.L^ ^1 JSLlall ^ ;^ . rn'il aJUJI jjo'ill Ajj^ JW J:J_?^ Ljr^ L?^) 

jnni (J^^ ((JIaaJI (Jjfui ^^^c .sAi^ I'lUjiU'i ^ aJj^j^l dlljj^-aall A^ljxj dll jj^^^JlII 
^ ^UajJI ^ .2 UlL^ aJLuIoiI jjL^uL&il (Aili^l A^I jaJI ^Ljui 

.SjajaJl J <_ijVl J jiVl J (J jSall J J AiiaJI Ajj^^I Ajc jVI J t_iL^Vl ja. Cjllnkj 
tlllS^pJI (jc. (_paj«j (j) Ajj jJj^I ji^-?^ t'i jlSal j;;^"' j AjlLiJI ^Jaill ^jiui^jja 

jLo ^1 Ajj jJjjll till JuJl 1 jjj jjl jAiLall ^1 jaJI »Jf^ U^J '^iiaJl jjc. Ajj*iJI 

.A-a^Uj AIaI A^I^)^ (jj&aai 




.(_^ jjUojjj Ui»l j 4^ LijjjSja tli'i/Xi :4.1 JiuJI 



Ljj:Sii cjV!U 6.3.5.1 

OH (Zambezi) cs>«lj A*il jll ^cj^Xill ^ jjj«^ .(4.1 J^l) 

jn'lni'l l_i jiii .LLjal ^^W' Ajjjuiiill Aja-Uuill ^1 jpS! 

.Aiklall Ajjijjyi ejALkll sIa aSLL J^jUiuil (Jjljll.<il JjkjJ I jjS fjlii tAj.alitil iiJjl£atj 



72 



juAliall (jiaLij i_a t^iaLJI IIa 
iLi-lllI • 

( JjI jjJI iaijJa]l • 

4 JLa 100 jaj (^-ia^jll l^liu J 4 jia 1700 jaj Lljja^ Cl'iXji ^ JC. ^ 

500 J jiiJ Lo igJsL^ (>o 1-11^ J tjjLiaJsJl (JjL-aS A-oS j .(jiajVl ^iajoi j_jic. AjjLa Sjllui jjSl 

.!>IjIa L<ii.j J'-^J »La]l (jl t u >i (Ji-*^ cPJ <_s^ *La]l (j^ JJjI (jjjla 

ja'uaa jA (Jj t4 IJT n Ac jjoU lil^pjj («.Lall (jx <jL^ 4j«Jaa) 4li 4jjS (jiu] (J!>Ljill ^jl 

m ti^-^' cT-^ t<lj^l 4£j^ (jc ^Lj]l c p (_giaA^\ JjjL« ^ jLoLi 

^) sia.j J) V AcjjJLj LjjjjJax '[Mt^^] jA 6^ lS^'j liijaJli 

:[Lr'] jA 

p=mv (37-5.1) 

^1 AiLlaj -uUjI Lajb i_taj i^^Utji JjLi jA ^^JaiJI jl l^>Jij j 

^ (jl .AlaSj Jj^ jjAl ^uaia. i_Ll^j3 L ^j^t Jj*-» Ji^'^'iJ ' P j'j^ tff^J 

.djme-cm J Ibf -ft j N-mA*jLill ajI^I j (>j ^[L^Mr^] ja (^jljll 

^jll Jij Jjx- 17.1 

(_5jJI (^iaiJI <J Ji.Aj ^^ill (N J kg-m/s^ J 'j"^) J-^' t.U.i'.l lAiLuW 

. jlla! 10 IjjSLyo. Jj 4 Ji- 1700 jA Jjljll S jtiioi (j^a jC J 



73 



.Ljjjpli oVXi (.lij :5.1 J^l 
<,LiJl AliS ^33^ LjLi^ UJc 4j5L3ill ^1 Ji.UI (^iaiJI ^j31 jUjV 

:(_5J:i^l (jaill ijsiiL^ jUjV Ig/cm^ ©Ull J-axlaij ^ c mYs jll t^Jj (ja-^jll 
fSOOxlO^LYl.OgYlOOOcm'YlminY 1kg ^ 



m =Vp = 



30 cm^ ¥ Imin^ 
Tl JI^ 60s J 



1^ min j[cm^ j[ IL ji60s JUOOO; 

= 8.33x10^^ 
s 

iJlJi 10 -Kj^jC j Jm 1700 Ai_jia :i}kijaL4 l_i jaJl t> iasLJI fUl Sjllo. U jiici lij 

A =/w = (1700m) (10m) = 17 000m' 

LaJ j^J^'J ^^-=-^1 -KmLJ Jas-oj sLall 4x.^ tlij 



p =mv 



( 8.33x10' m' ^ 
A 17000 m' s 
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J.^ ^ 1 jL.il IM J.i«-4J ^jaJI AaUall c^LazJI ^^^^^ f^J>^' Cj^Jj jl JC. (^ic. j 

lil aj/inin A£ja^ j.Llij AjSjaJl ^Uall Jj)L,» (jc jJJajll j^Ai .4j^j ^jJl jjj 

4jSjaJI 4lLk3l JlSijI ^_^i>C.f 4 V 4 mlU'lfl Ac jjj j m (3^i J-ix-o <1 JjLu <Ajs^ 

£j,=|mv' (38-5.1) 

UlI AllLll .J/s<ijl^l JjaJI J '(watt) (W) J=ljJl ^ cSjUl 

.(power) ijM ji AftlkLuiVlj 

^ jaJI ^ILll Jj*- 18.1 Jl^ 

JJC S.LJI (JaJu jjC 3-0 jiilall AjSjaJI ^SUall Aj (Ja.jS J.l*-all i_Luia.l :51aj4^ 

4 8.33x10^ kg/scSjLuy ^ tj^sl t^ajii! fUl J 17.1 Jll«ll iJaJI 

:ljjjjlia ^! 0.490 m/s c5 j^^ ^ j^j 

=i^v-i[^^5^)(^J =1.0X10' i = 1.0xlO' W 

I j.iUu J J AjSUj^III ^iSUallj 41«IU1 AiUall jL«J i^LlSjaJI 43Ua]) J jC 

Aijsi-11 jjjSj La I («,Ljaiil j (J^t (j^ .AaSJiLo e.iLo j^jlc ^jj^J"** " ^ jh'm 

JSLii liljai Laiia. Aiol^ll 43Uall jA jil .<1^\ Cjli <LolUt ^iUall 

E^,,-£^,=mg(z2-z,) (39-5.1) 
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J^j Aiiyi 1^ U . jlilll lillj 4jt ^ t^ill (Ail jill) Ajt AiLklU 



AiUaJI Jij Jjx« 19.1 Jli*JI 
: jLa 100 jaj (^jLoij J!ijiJl ^liajl (j! jkij 



= -8.17x10^ - = -8.17x10^ W 
s 

j> j^jiJI JLiiill Aiiaio i 7X10' W ijJUJl ^^ t-^JiS^ iMj jA J i^jkiil J 

(JSjS jja. ,_jJ:». j . JXill (Jiui! oUaJI ^IL ^aLj-oj tUll (j-a <iia:i5l ^ JjJ 500 — il 

LoliCj .OJJC. Jaiil (.gill tic. jll (j' J-^ CS^ 1 ^» ■ ^ iJjLuill Oljj ji-a j! L_l (JjLu 

(jjljiaj JjI juJl iajiuJa (jjilSj . (hydrostatic) Luj^ LIjLui UaLua Jjj tUSLoi JjLJI jjSj 
'(manometer jLajjLJl JLJ\ ^j^j 'u>»ll >AuJ1 Aiijia iSajjc 

4-4^ JjI jjJI yi j^l jSll J ia jijJall jiisu j JL*ijVI (_>*iJjli<i) AjjUj^I ^j^I J^I J 

.^j]| Jaliajl AjjIjJ 

aJ jj3 jLjjVl AialiJI sUall aSIL JiUlail aJj-^^ tA^LJl Ai<JI cjl jiJI 



76 



CjULui) JjlaJ J ^^^1 JjUl^l 6.1 

^iJ-dA-aj]! J (JjLola]! (J^ ^-^rJ^ ^^^^-^ ^ ^"^ "J 

^ IfclLiaLj liSJj I^J2 (jAuiAi^-all 4^ jl ni n\ 4.ajJalj31 ^Ji ^1 jA\ (j^aj .CllljJiVlj Cj| jj^-ajll 

^ Jjkjll JijJ^ ^jL^j liA SJJ jll JjLouJI (> j^l ts^j 5.1 jJalall 

iijc- (_ylc iiiflll 'S'ijJ *OJ'"1"'(i '-al .Uii-aj jAljJall JAuiSJ l-a LJlc- 4clllj_)liill 

^iUj jjjiaj (jjp^M 4 JII4II Jji*^ ^ .(quantitative models) ^jaS ^jUj 
(> I jiiS (signal transduction SjLi')/! (Jjj=^ Jajs j>) uijUi jl 

SJiLlJI CjUIVI jJ^j ^u^n jj ^jlLaill Lj^LoU (ji (ji^oj .AilikJI SJcliLall CjUjjiJl 

La .ojjiiall AjliJI Aiilaj ^Uijj ^^^1 AjUjIaII Ciilc.lij]l j Cjl jLiVI (>aljj (_^jaiAj ^^^1 

. ^ q1 J /2 U dll^^jijlij ^jiixillj LaiLbul 4_La^l ^jLajll (^^IaJ t ^^^lui^ij^-all 

.Ijja dlljl jt-ii (J >iT 1 (Jjaiia 

jjnil'l^ ejJjS 4-a^ (_lia]| j sLp-Vl ^>i«J o^lSa-aJl AjiJjU) ( jl ^iLaj JJjiaJ ^ til 

JA^ (mathematical models) AjJaLjl) ^jUill J^uiloi La Ulli .L^ oHJi^' 

^iLaill J Aj£jjl£xall ^iLajll LaA jjlalc jjJJJS i 't\i n's ^jAj i^JjLjjallj Ajj^aJI jAljJall 

e jALki] cjl jj^iSj ^ (mechanical models) A jSji l Sj^fl ^jbui) .^jjjja^ill 

^jL4j J^>laj 46 jSjla AjSjjl£xall ^jLajll (jjSj *^ LaAic. j .l^Lia tSJ^ 

.ejta-all ^Jiill ti^jl AjjjjaJi j! ^_jja.Li. cjULu ^Jc IjLajcl (empirical models) ^jjj>?j 
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iJL^y\ (JjI jiall linkj J La^ t^-^Sl (^S-»^l JjkjJI AjiJjia t_ilkij j 

Schork and Remington, Statistics with Applications to the Biological jiijl) 
cjljUJl Ac ^/Lj^ J jjjSj (> u' -{and Health Science, 2000 

. J ^1 «-i<ill »1 l-i-~>! Ift j!^ lAA^ ^^-^ ("il nilj^ll (3:13^ S-'^ (ASjpjxj I ^ 

^ .1^^ AiijkJLi -Laij ^yilJI cjLa,Lia ^rf^ cs^ (systematic errors) ^j->g ufl fUaiSfl 
Aij^a^ i-jUxii! jjc (random errors) ^lj*i)tJI ^LklVl '■lsJ^ c> •'^'-iW^I 

(precision) aI^I jjj jjall J 1^ ^=^1 Cy ^a .Uii,Vii;ll j aj^UI CjULiJI ^xi^ jj2>. 
(_jJc (_5^>aj AjjIjaVI ujLoiLiall jjj (Jal AiJlL .(accuracy) iaj^l j 

jIjSj AjLIS (_gJl 1^ Ai.l3l (jl '(^ja.! tliLaKj .lIiLuIjSII qa Ac (j-ajL^a Ajoiij jljLall 

(jiiAj ^_^ic i^^y^ I ' il , „1 jSH ^ 1^ AjjlilLa Lui ^ ^-j (3j^-^^ (J^^:!^) jW^J ' ' ' 

^..uill J SjnjS^H 'iui^ 1^ c3 J^' (jc. C-iLuiUaII Aji ' t«^''^<) Lai 

duu-iaj ljl jiljC. 100 A-ojall (jljiall ^^irj (j! t-taj tJllLall (Jjiai (_jic. . (jJ«-« jl.iLi] AjoilLJI 
lilj .Jaji^Ja^a JJC (jljjJI (jl£ JC 100 '^jj > 100 UJ^ AjjUx^ aUS aJc 

.I^jS jj AjJiil tAlaju^ixi JJC. (j^ tiAi. AajSJ CjULull Q^a ACj./Li-a lIuIS 

" '^1 a^j^ , ^ ojjlau jjIk^ jJC (JLutHuil ^j-^^'-^l ^UakVl aILs! (j^ 

(Jj' jiail JLaxlaiLj tAj=>,^j-a tUai.) V 'Ajjl _yj;iC. s-Uai.! ^JiC Ajjla-all OLjjUa]! (JjlaJ (j^-aJ 
1 1 ' ll "ijT 11 1 <i r\j Lgj^oj ti iyinll (J at"! I II nil ojajaall Ajjl i i-i^VI (_3jl^>iaJI (>« J:A^ Aaij .AjjI i .-i^VI 

'(inferences about populations) cjU-aaalt (jc cjU.liiija.Vlj (sample description) 
analysis of ) (Jjkjj 4 (correlation) ^\ y& j 4 (regression) ,^.1 Jill j 

(arithmetic (^UiaJI ia*ii jJI LaA ajjj jalJI cjUMl jliuLi (jlliL^l j a-uj . (variance 
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(jjbLull j> Ajjc Ugi l Mi-> (j^j '(standard deviation) csjla-«ll cjl^l j mean) 



. Ulij cjUUJl 4c j^Lj^ (central tendency) jJl ^ j jill ^^L^l jll Ji<y 



{x,-x) +--- + ( x„-x) (2-61) 



n-1 V n-1 

Schork ^L-aa.yi i-iiS j>4 IAjjc j (Jjljlall siA (jc CjLa jkJl j>4 Jj..^->ll 

.(and Remington 
Ujib ^ f Ijjll 20.1 Jli»ll 

L<i_plj ^ (ilj^l ji^J^ (J^^JJ '4j\lTi ,v ^LjI 4jjjj oAa] LiajJ ^ia 5 lAjl-iia 4jj^ Ac^)^ 
.laj Liij!)ljJl 1^ jj^JJ (>»Lia -^^J^ (J^ 4jJijla 4jlaj (Ji-aljSJ i_ya^^yA\ 

:(mg/L —J ejjio) j_^L LaS gjliill t^lJl ^UVl J jla ^jaJI AjUacI Qji AcLoi 

L.j:iJl ^ ^IjJ jyS J5 .0.205 .0.213 .0.209 .0.211 .0.214 .0.206 
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0.206 + 0.214 + 0.21 1 + 0.209 + 0.213 + 0.205 _ q "^g 
6 ~ ■ L 

:(_^jLaua (_^jLla-a]l i_aljajVI Lot 



(0.206-0.210)' +(0.214-0.210)' +--- + (0.205-0.210f 
6-1 



: 0.004- 



mg 
L 

.0.210 + 0.004 mg/L Uj^lJl ^ ^IjJ j«£ J5 (^jLay 

9j 1 (jjj ^ J csl jA ^(significant figure) i^jjxA .-Uc ajj ^ 

'4.67 '321 :^jj3«-« ,_jlc. i.ic.Vl t> csi^! 'J1j*JI lW*^ 

jxoaj 0- u°jS2 0.098 '0.0025 '8700 '340 i^Vlj .^10 x 7.50j '0.0754 '601 

(jJjVl OtJ-^-^I lil .t j7>'.l (Jxxj jLlJI 'iaaa (jjjjja-a 

^liUl ^il^lj ^lij ^ JjS?l csii^l '8.700x10' J 3.40x10' oi^'^ 

{J -'^ -^1 '^ Aj^U (jji .Ajt^iui ^liji aji^^ ' ^ J 

.(i^j °(jl) .1^1 J (_5 jjjL-o ^ji Uja-a jjj-all ol±aJ3 ^Uaj JJjIaS 4il£jJ JJ.22j (jj^ 

I'll . „KoH ^ ^ . ^ I ^Lji^j ijjjj^ (_yi.ll^^\ ^j^"'' (jl ~i "^^ cJ^ '('^J^ A T I in 1 L_l J' "^1 .^.IxJI 

J.isill jj4 .^JjjjixJI j»lijVl 0-0 (ifiLall J.l*il ^1 <J.i.l»JI ^\ JJjJJ .itl jS] 2;jail J J jj5 

:AjjVI .icl jall Ji «t'i,iiIj jja-a k ^] 
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1.43 J '4600 jiJi^ 4578 'oyjj*- ui^j iJl Jij-^' OJ^ ijlall Jj^o: ^ 

.1.4 ^Li.^ 

UUjjl |>ja3l JiSL (j-aliJl Ajjin-all jjlijVl <JjLii->flll ^1 (jc Jjxj 4jl ^y!> 4^1x11 

jijL^V UjLuui ^ Ajjlu-all (>lijVl (jj^ (ij ' ."^ H 44-aijia3l j! i_J_^>jJa31 .i*J • 

!>ljLa<a ^Lajdjll ^ ^ jj*^ j»aj ^j^T ^ jm (jjSj jjl C-taj jiall jl ^-a^l .i*J • 
(jJAl j^l ^Jjja-aJl (»lijVl (>o Jal LjJS ^ _jj«-<i jiJ 

.4jj1^1 4jja.Vl JJJ^ liA 
kijlxA ^li Jl! Uiuilial) JJxJl 21.1 JliaJI 

(4.307x10' kg) (6.2x10-' m/s') (1) 
26.127 A + 3.9 A + 0.0324 A (m) 

.(4.307x10' kg) (6.2x10"' m/s') = 267.034 N:^^ ^Jl (\) 

(^iiauj ^lij A*jJ ^ (4.307x10' kg) JjVl JjLJI (^i^j 
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4(jjJjja-a (jj^ JJ JjJ . jjjjj*^ jxoS j ^6.2x10 ^ Hi/s^ ^ 

j^j ^ 270 N JjiJI 2.7x10^ N } 270 N Ji^lj J 

.26.127 A + 3.9 A + 0.0324 A = 30.0594 A i^nij V-U ^1 (^) 
iSy=^3 .AjjJix]! U-alill (jjxj ^lij Jic 26.127 A JjVl j:b«Jl t^ji^ 

ij Jis^J .<ij^\ Alj^\si\ jxaj ^1 .la.1 J (_jJc. 3.9 A ^^^\ .1.1*JI 

ljI jaJl J t_L?-j 111 .<!j;i*Jl aL^UII jxoj ^1 ^li J A*jJ ^ 0.0324 A 

JiS 4Ji! .30.1 A jjlj ij t^l lAjjjiaJI <L-aU]l jjxaj j 

.30.1 A 30.0594 A ^\ 

Laja (Jjtj^t .^W-^ ^Ijill (j^jaJ <j-<iaVI ojJjS ^J-^ AajLoiaJI j Ajjjj^I 

^yiiall i^JiLmxll ^yc. ^yiiaJl ^jjjj 4(JjVl j.a*JI 'Aj -^^"'j j! ' " ''"j (^ill ^yiiall 
AjjUJ) I'll Ktr't nil UJ^ 1 n'nt j! t (JVl i n <i JJC. Aa.lj Jjila (j« jpS! L)i^ iS^}^ 

4jjUJ) cA^j^ J\j cJ. A \ (graphical representation) ^^^jLuII JA«j31 ^ J,»«iuu 

(Jiijaiall jjilLall ja-uiJJ (jt La J-at ^jl"*- (JllxJI jj^ j .dll jjilLall jjjj Lllls^vlaJI Ajjj (_jJc. 0.^1 mnU 

Aliaj i^gk^ ^W^' djLkiaa^l .icLuij .(y-axis CjLiuJI jy^) L-Luljill 
y jjc (J^al^l (^LlJI \^\->-^ A] 'A'u (j! i _ Jj .ialaill fjli La Jl n^'lni^^U \^\\ nr'uii (j^Alj 

.C:UL}J1 Jii SjUyi iLiJI iajkk 1^1 LjL.^ 

(^jjao^l f L^l ^Ij (^STi^luil 22.1 Jli»ll 

AiLa. Jji..ll Aj-uij jJjJaaJi Aj.iC.Lui.iJ ^Ji-^ <^j-5 '^J"^ CS^j -^U :Aji-ui4 
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a400) ^(0.55 dOO) -.Ju IcS. (L/min^ 1 j^) o^Vl (kg m/min ^ 

.950) .(1.25 .550) .(0.95 .375) .(0.75 .275) .(1.82 .750) .(0.55 .225) .(3.00 
^\^cAA^\) (3.75 .1700) .(2.05 .825) .(2.75 .1200) .(0.45 .110) .(2.10 

.(Guyton and Hall, 2000 

(JliULull (m) 
.^^Lu U\-t^ <ii (JlibUJI (^) 

. JjAiaJI (J.ulU Aii.^ jj jjf "'^V* i^l!i^luil ^ jjj UaAuiJ L^j jjoj ^jL^a (.^) 
liA jjU li] . Jjlxall (J<a*Jl .liaj AiJikx CAjyu^ .lie jjjLojlLj ^Ljasll ^Us (1) 

CjUUJl J .AilikJI ^ .lit (iU^l ^Ij CjULu 11.1 Jj^l (j^^ (sj) 

.JjVII J.«JI jill JL^ .cjULulU ^UJl ^Lull iiJI 6.1 J^l oJ^ (cj) 
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4 - 




(kg.m/min ) JjiiJI J^l 

ij,^ . „<Sl \ j'..,,! J.^ J {.Liaill JjIj aJau ^ill J^l J-ix-a jjj a£>Iji]] ^^'in JAoJ :6.1 (JiulJl 



• Qj^'iiyifl 0^ fLui&ll All J 


•S^mJ :11.1 JjJaJI 


(L/min) o^?^^' tiJl^l 


(kg.m/min) ^ji. 


0.55 


100 


0.45 


110 


0.55 


225 


0.75 


275 


0.95 


375 


1.25 


550 


1.82 


750 


2.05 


825 


2.10 


950 


2.75 


1200 


3.00 


1400 


3.75 


1700 



y = 0.0021^^ X +0.21 — 
kg.m J min 

t-hi 'd i(kg.m/min) J-*J1 ^ ja x j (L/min) Qiaua^Vl liJiljiail ja y J Lu 
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u^!^U JiAxl^L ^jki Ci'^i\jux ^ (> 7.1 

(jjSj (j! (jS-oJ 1 Ij^t") Aijjl ^iaj (Ji. (jli lAij^joiJ UjJJ Uj^JO " J J JO " (.5^ S^Ji-ajLall 

CAcjn-y n JaJ La ojjSXall Aja^jJl ujlj^Vl JLaJtlijil jS-oJj .<Li-<Jl AjjjJI djU i n-. 11 

F =C,Z,+C2X2+---+C„Z„ (1-7.1) 

Ijj^ AjAjJaLdll Cj^jlji-aJI ol^ .liiaaj ^1 Jail AiljLi JLaaiail ij^ljc S-taJj tAjiaa. 

CjVjIx^I ^ (MATLAB) 4x±jLa (Jjja (>» ajj_^U. CiLi^jj JUVu.il J*j>j 

1^ Juoh .4jjlijik^a<o aJjU-hj AjIakJI dlV^l*-*!! jiai* Jdh"J <j^-«:! -WriJ^ t-ijlLo L-tiljLi jl 

jc , + 2;*; , = 5 

' ' (2-7.1) 
3xi + 4x2=ll 

: Ax = y cJ^I (> ts^l ^Vl <jjU ji^^l aJjUJIj sIa cj^jUtxll jJiia Ji-J 

(3-7.1) 



"l 2' 


^1 




'5 ' 


3 4 


X2 




11 



.jjUUui y J x J '2 X 2 l^lLi Aijiua- ^ A (jl 

AxJuIl jjkyf^aW VlC^jlA <jU^ 
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ax=y (4-7.1) 

;c=^ = a-i3; (5-7.1) 

X t-iLui^ J A"' jiv.^! SJjiUJl c jjl . A"' 'A t_j jlLi 

t-L^ULa djLukj Qji djliaJI (jU 111 . ^ ^UJill J.al£ j! oJja. j uj^iljLi ^ JlaJ J JC S 

(_viajij (_j!±iLa i-ijc. (operator) ^> j& (\) j-jll j .aji^VI ji V Ua sLk*JI 

Laj A Ai .onilj ^1 T Mill 4 Jllall Jjjui (^Ic. . X = A'^y <--il <_i _^UJI 

»A=[12;3 4]; (6-7.1) 
»y =[5;11]; 

»;c=A\3; (7-7.1) 

(JnT""inrij .1 ill-ill .ijAaJI (Jj.^ [ ] (jjj J 1 .^1 '> II (j-oj-ia (Jj^ljillj Aiij 

: x 4-«ja ^UjJI 

X = 

1 (8-7.1) 
2 
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Ajkk ^VjU^ ^ Ja^ S^:^^ JLmIu.1 23.1 

+X2 +X3 = 2 
2xj+X3 =4 

JCj+2X2+JC3=l 

jjij^ .Iji^ C?J^ AijU-all lillj (jU tAjjljll iljU-all J ja. jjc. X2 JJ«^I 



1 1 1 

2 0 1 
1 2 1 



»A =[lll;201;12l] ; 
»y =[2;4;1]; 
»j: -A\y 
X - 

1 

-1 
2 



2" 
4 
1 



.Xj=l, X2=-l, X3=2(^1 



^jui^i^ W JjluLAit JaJ ^j^^Ia 8.1 

ALjlaJ (^J24 (7~2 Jj' 4"""^'*'""' (^') J ^j' AjUi 
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(Jjl ninU ^-ijjK Ijc 1^ Si^jljII Cjljla^l ^il-iT ijjLuHuil (jAui^L&^l ^jj III I'l^ nil ^ 

.AjLuJI 

^ 4_u^^| .-^Mj^ ^IjILoI ^^Ic ijjl I II nil 1 ^ ^ L> jl jjl~-ll ^^"^ i "'"11 ^1-^1 ' . '•^ jj 

-3 J_j*-as3t ^ JjLoLall (JaJ Cjl jiaiJ] ^li; Jjlj ^ 4j->^i J e^Aj -AjjJaJI Ajui^l 

(^Jc jL-fljaVl t^-taJ 'ty»^l jil j>JljJl JjL^ J Lo jljc. (^Itj .ujtj^l liA (jx 7 

S^jjuill iAjjjLa t(Jjl I II nil (JaJ t5^)^l > ' ll J71 ^ 1 n <Ai . a31 1 n nil ^_jJc ^jlln'n ^_^l Cjljlr-ill 

^x^uA\ fj/i iLui^l^ Ail ^ jj (-^U I .^I^IIL l^^Jajj AlaLu Aijjia jjiaj ^1 nil 

. (Jjl I II nil (JaJ liL 4 I .-il-"! <ij^)ia J 

.l^IuU£ ^ t^ln-^ll l^l^-^ n ^ t^Jl MinlU 4 i .^1 11 CllLa jLl^l J^Jn-^' 'l^J"?'' ■ ^ 

^ T I n'l (^iJI (J^l J <if HI nit ^jx (jIajiJI ^_^ic ^ jjJa jj-aJJ (jl L-la-l (1^ 

...;3aii3l :<.uii^l •.^Jfi\ JlJiJLi Uli^ liA 

^ jlL^ UU-i. n jLoJ Li Ullc. .aILouiILj 31^1 djLa jLlJI jjJJ IhtlAo ^ajoijl (i-j) 

(j^aJaJj (j-a tl^j-o A^jLiJI J A-ajh'inll oJljIjll tlllj j^^l ^Jn-N t Uunl 

1 g n I II J J IaJj^j 1 II nj 4^ jh'lnll > . 1'>J . A 1 1 nl 1 n <lljaj CjLi^^Ll^I 

. L&U^ ^l^-i- "11 Jc ^j-^ll LllLa jln-all jW^j • l— ll^i^ijtJlj 

dlLjjS-all J iiiliiLa^ (_jic. J^-laJ (^1 A-o jla-all ^ajSlI (jl . (JjULata. JjJ^ tS^^ ('"') 
(jjSj (j! ' .Jj^l (jjiLo:! Jljij ^1^'- 2jk.jUJI J 2 ^jU-.^ll Jj oJjl j]| 

(oltl jill) Jj^l J aJj^I oU'jUI U .Jj^I J Ai^lll^ CjI^jII 

CLlLjjLall jU^y <J1 iiinll JaJj ' '"'J^ J -1^ UJjC.^1 CljLjl:a.yi Ulli. jj<'-« 
lj^^^j^.ak cAiLa <j1 ^ UjLu^l JjA^I «.L>jlj| .IxJ^ Ajjxj ^jU'iin (Ailia^l 

.(oLj'^^^all oJ-lxla 21-'<11 Ajjl j-a JjLuix J 

.aIs-jaII o^A J Jj*^ jA Loj ^jia-o jA La J-aC. jUal ^jJa jJ : JjlaJ .2 

I (jV t JjSajll eJjAii AjjjaJI ^Jijll (jl .aJLuJI (3^^ lIlLJal jjjfSfl (t) 

(jlj .Ajuij ijjajll J J ^ Ol j-aJI (JlSjjl Jj AiLlaj 4iJj!Acliall j L-iULutil (j-a 
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(jS^ <j1 CllLjaljSaVl .^^Lill (jji.Vl^ nil I ' ll n I II jj^ 4^ i hij i-i'll i 

.1^ ClitjA^I (jx 2x. jlkl J cSJLoLal] Cjjjlkl J>4jil J till jjalrtl) Jj^l ((Jj) 

jjx L):}*^ ' . '"'^ f ■' '^-^^-^l (Jill jj.iLla3t La! .4jjLui^ iJlit jj.il1<i ^jj^yJall 
(_y]a*j) J 4-ojiuJI jtla^ jA (_>*iLaiS/l .t-jLaia-ll LuiLuil (dj) 

'o^LuiVl ^l-iTj t (Jjl III nil ^j^j I 1 .^(jijCill jl-iLn j! (J^ n -aj SjIc 

j1 jJ^lLa ^j; V ^ ■ ^1 Ajj.h'ki dllj j's<ill ^ ^^-"i ^ j ■ ; 

.tj.L.i J] ^Ll=:i L« Ult (4 J-=^l) ^UJI JjU^j (3 

Jcliill AikUl CiLk^l J 44jjUa£ Oilftlij jjAiiaJj Aliuuol\ ilull lij 

(j! (jlu Ajjj^)jJaII jjc. ^jA^l pUlIV ^ ijjl^'i I ^ ^ Ait I II nil 

oIa Ja" iJl^jJl ^jia li] .4 null,; II JjLai-a]l ^ oJjLi sljl Jjli 

lilli -<^-- ^1 y^Ut-all JsLUiUJ (jlai '^}jL?jI AjU.1 (_jJI " ?6 jiLaui SJLa. ^ 3-0 jklall 

(-jjSI .2 (JjL^I jjSI Jji.^fii j> j^iaJI 1^ (jJ^Uijai .1 jL-o Ijja j>Sljp3l ^ Jstaj 
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.SjLiJl (JaJ Ijjlj A^U. (JjiS XixAjJi AlAiui (j\ 
a1\jm1\ lJ ^ IaA .2J t_lj-a:i.l iS^joiliall ^Ijlx-all JLaxluiU 

(degree-of-freedom AjjaJl JjlaJ (jj .<]LaJl aIlL aj?.U aJ; 
diLo jla-alL AJLauJI Ja. jLoJI jl jLul Aii^ jA analysis) 

Reklaitis, Introduction a^^I l-uS ^ aJSIi* AijUl oiA 

•to Material and Energy Balances, 1983) 

obUyi AtLix^ ^ (i) 

.AiLiJI aH^VI (> M (jiaj .A-a£l<JI 

:Aj^1 ^Ijjll (j^ (Ift^ ti^' tlj^ AxJ ji-o dlli J aS jSa-a liLajUj (jiaj 
JUjUII AjL^sVI aSLuJI ^ JjAU-aJl jjc (>a^ ^ .i 

(JaJl (j1 (jiajj i—il (JaJI WiJ^ 'jj-^ < . iiii->l IJjiJI Jd^^ -ii 

Jjfix^ (JaJI ^! ^ L^^' ajJ jfiiull jW^' ;3j.'^'' 'J^' ^ j^*-* jfi^l -iii 

(j! c_Laj (_llaJl (j^ajj ^-ijhn Jl^ Jjt .^li A_a_pUI oj^l J Ac.lK'u.i'jl 

A -v ^ cLiLo^l (Jalj^ J n I ii'il Axj!HI liSlj (jx Jal JjSj 

JjLj Jl nT'lnil AjSjS Lnjj cjUjVI j CjI^jII j AjjLijjill Cjljjilall IIa liajc 

.eJaa-a AjiiiVlft (Jliliuiaj jUaj AjjUjjslI Cll jjilall LiL^ j .tlll^ jll JjJ^J 
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.1— il^j Jjja^ 1.1 

•dyne j \h, uf^jW J\ 101b„-ft/s' Jj^ (!) 

• Ibf/in' J atmoii^jll J\ 20 kPa Jj^ (m) 
. K J °C J] (^jiJI sj J- ^j^) 70 T Jj- (c) 

.cAJiJ^j cJ^ J\ 100 in' -Ib^/s' Jj^ (i) 
lilj ?2lJ£]| s jjjUIj jA Ua cAjJjS SjjjI 150 csjLai liSkaJ aJjS ljj (j;) 

.CjIj^j (Jjj=u2.1 

• lb„ -ft/s' J\j Ibf J] 10000 dyne Jj- (I) 

• Ibf/in' Jjj kPa 0.2 atm Jj^(m) 
.Kj °F (jUiVI »Jj- ^J^) 37 °C Jj^ {^) 
.cJi Jjjkj cjV j^. J\ 50 in' -Ib^/s' Jj^ 

^ AiJaJI s Jill , i,,i->l . 3.4 ft/s' ejja ^jLoi AjIjS S jjjI 1 1 I^jIjS s ^■•-■i-' 3.1 

SjjJ 150 ^ (^^j L>=j=- aiJi>JI JaiujJIj Sjall t-bu^l 4.1 

(j! (j^Jpal J i^f Ij^l JaxjJa) ^^jLiJl )rvii i ^ilt (JxaIj (^joiaJI ^iLaJ CjUl jl-iniVl (J-aatijail 

(jat liA (Ja ? jJ-<i.la31 Sic Aio (jia jaJI .iic ^- ■ '-^1 Ja jjJa jj 

jjj La ^ 

2U\2iJl ^ 20.0 Ujl^ ^ A^iUJ (AaEll s^lj jjjAilLj) SjSll ^ U5.1 
S j4 20.0 La JjL. AiiS ^ (iLjffiH s jjill ^ s ^^all ^y, L«j r<i±A 

?Liaj! Aj.:iLxJ1 AJlijll '-'^-i S ,V;< 

^ 4.<ulii^ jj/i Alall 95 J-aijli lA^Llui (_Ha SjJjl 150 (^jLui AjIjS 
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..iUi Jk. ?>iLlj=J 6- (> • 0.036 lb„/in^ 

jJJC.!)Ul 4iiS3i (jjiaj ^ lilLa jjSj ^jl o.la.j j1 Ijiuj .«.LJI 

(free-body diagram) jaJI ^u^] J,«la,l ?s.L<Jl ^cJajoi (Jjs 4x.i?. j> 

ijjjjSjJI flAll (ijaA :12.1 JjJaJ 

400 (J-? J' 

2000 

350 ^1 jill 
700 ijUl 

4jnir.| ^ 1 (j ^ jl I _ iiiii; < ' il "^J■^ \\ ijfij Aj\ju J CjIjj^^ (J^I lIl^L^j^ .Jf^ B. 1 
^Jc jJI Aiauill j'ja 2 w eJLii DNA II ^ l^Ua^j Cj^iclij j liiLiJI 

^ja^l O^jJj UJ^ L5JJ^' lS^I ^Jsiui jlj 4(1.6021x10 ^^C) 

dilcl^^all (J*^ 't?^' ^^liuJl ^jjllj i_a^)aj aLSjuSj (j^l jfij ls«-o A-o Ajjjijaijall 

diliuj^jjJlj <jjjiuija31 ^ j-> u\\\ ^it A gJ_>* J* J ' *> ^-i' "It jSj^II (^"^3:! 9.1 

(JllljJjaJI ^jUni ^_jic fLaU *> U mil j5j3ll (jiaJSij La^-a IjjJ nJjUjjVl J 

4j^^*jJall t> Ja! jl£ J ( ^' . Unil l j5 jjII o^*^ '^i^ .(alveoli) ajjj jll 




nil! QMjj^ji^ ^^Ml\^*A\J ^j^^ j7.1 ^J ^ ^ Vit l 
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ajjj jll AiijkJI t/^l A unM l JjI ( ^->1-< .. i1 I Jijjllj . 5-30 dyne/cm csjl^ 
jij^ll (jjj AiijJIj .50 d)nie/cm(^jUjij ^ ^^ . Um Jljl (>aaU. ^jjj ^Ij^^l 




jl^lLo La 4 jjj^La ICQ jaj ^Jaxii jlaJI j^l <JJjaJI jlaS i 8,^1 jl£ Ijj (i) 

(^HJ i-aL-ajl Cjlj AjjI jA CjLjLjk SjIc j-'^iiJI JULVI liUlaj (cj) 

jj^U e^ilc. Ijjj V 1-1 Mill (_>iiaU. J lilli <_sLj4 -oiijyj 

(Jikll ^ J ^^Ji-Lxuill JJ jjll 1-1 in j'^ . 1-1 ui jj jj [_>iaali. ojlc. 
t4 flii ia jijJall ^ oj£a Jj-^iaJ j .LljC. 102 l^jiiS A^Uj I'ljUrj 10.1 

S JJjM J jJ JjjlLi) J jj jA La (1) 

.i-^\t_1i j_gJc. jla 1 (g'll n^. j ^1^1 jUuil i "«Jl^^n JjC Cjlkj (uj) 

^ 4j jxiis (atrtij Ibf/in^ j Pa— j ij^) A^liill J.iLa La 

?(atm J Ibf /in^ j Pa^ 1 jjia) .iJjj ^Jc A^Uill 
V(atm J Ibf /in^ j Pa-^ i J^) ^JjLUI ^ 
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Jlic JaiujJI c-A^I c8.1 J^l ^ Aiifoll J^l^l Cjy> (> t> 11.1 

L5^) /'bj /'a oh ^'-i^ '^-8.1 J 1-8.1 jJi^l cJ^i 6-j •ul> cJS s^li 

H2SO4 ^j^^l 0^ •(^/'a >Pb^ Pa<Pb^ Pa=Pb J* 

.1.834 ^ 

.Ar Alsll ^ 1 aUI 21 4N2 Alill 78 cjU^l aJjJI 

«,! j^l ^ UJ^J^'j ' ii^Vt J (jJ^ JJ^y^ Ajlj^l AjjlaJt AauuII i jni'.l 




.CxjjjSll (1) ^ (^ii^ :8.1 JS^I 
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(jx LoljC. 23j '(J^jjll LaljC. 17 j^li-^ "^JJ 1^ A\nt'lian 5Jajlk jiaj 13.1 

^ j,^-,r. ^jJjSJI J aJjJI t.unill t.u.i-wl .(jja^Vl (> Ll j& 40j 'i^JJ^I 

90 (> M^jjj 4^ J -^ijj^ >« Ti-6A1-4V 14.1 

jll Ujj^l >.n,i^l ^ L.J ?iu:ililll CjU ji^ iuli^l >.1,i,>\l 

4jJjJ1 t_iuu]l t jL.i'.l .Co2oCrioMo ^ aj^IIl^ i^UJ ^ ^jU ^-oj 15.1 

80 (^jLui Ai-jjoij Ia^>JC. j^l l3^-^J '(=J-» 18 ^1 4 ii ^"iW jiaS (_5 jLuU 16.1 

^ jjiJI jjc. tlj^l tjajlij 1.3 J#«-^ ^ (J^ lsJ^j -^^I 4^ f-^ 

(J.la-aj j^^-aa-aJI (_3aill < Jin^l .Ajjljll ^ 15 (^jLai ^jlr-t Ac^jjoij a jjt i .-ill 

jl^ (_5iali«ll tSllj ^jx JIC f.\ jJl ^jSJCiJl J.la-oj ^l'<ti (JSJjII 

. 1.84x10-^ g/(cm-s) <^jj3cSjU5 

jl (jjJJT , ,-1 (jJjlc- J SjJJ^I 4jC. jVI ^jajj C(jLaljyi OJjJl (^17.1 

^jll e.ilc.yj .4j_^.i]| CjI jjt niilj fl^jjlj IjJ^ i^j^VI ;jlj^>*jill jj-a la^Uajl 

i_i -iJJjil 'AjL^I iAl^Al i^jjj] (jJjSj] Ajj.4.ill CjljJT nill iL-lJSlI 

<jc jVl lilt (>i jjc- (»-^ tjJj^' jjalill J.:*^ J ^«->'>ll jjaUll J.^ <_ua^\ (i) 

.(liljUL^ jjaiiJ j^l ji J Lj^isLi J (Excel) J^j 
(Jlc. ?ajc; jVl liSlj t> 4^ j>.ill (jsJoll J:^*- J L-iLaia. 2_ikLaij Ja (<_i) 
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(_5jLuij 4 1.056 g/mLcsjLui AiljS -csj-J ^Ic^j a^-^jjjj -^-^ Sr^' {^) 

.0.040 g/(cm s) 

Jjiil .^TjjKll jjajll «.Liii j^l ^h^^ll ^^ ^jai^l <ikiJI jUJI 4x.^ (_u«^\ 18.1 

.16.1 yL^l ^^sU«JI 

Ajli^l ( j.ii^l .^^J^l jSJoiaJI (dj) jjalall ^ 4. ill Jj.l?JI 19.1 

^jau^ ^j^l (JjJ^^ .(mol/L — J Ij-^) UJ^ jii^J^J ^J^' J 

.350g/molj 60000g/molj 450g/mol^ c^Ijaja^j^IIj cAis^jjA\j 

J (_l)IjL<i j J^I JLaioil iiljl£-»U) .lllbLoiaJI J X'...,Sf ijJI ^li^ Ajiia jS ' . 

(j-o (^^KJI jIjLiII j . jia^ i_iaa-4 pljJ ^ 2.0 1(S 4jjc jji^-i'.-i tdjlc 20.1 
(_^jLiiij .^ajoiaJl ^j.<i ^Ijc. jLS ^ 0.0210 (^J^ »^ c>» S-^ c?^' 

A^La.J JjL-all (j! si jJI '.^Jfa^J 70.0 (>aJJ^' 

Jj cjla 294 cSjL^ iJ ^> Jj -^^ 30.0 c5jLuy 

jjc. 4j.aS iili.ll ioiSi J^^l t-\j^\ ^W-j AiLialj J jk^ jA (^M' 

?(mg/mL — J I j.^) ^W-jl' ^ f IjJI JjSjj ja U (!) 
cslll (mL) (,^^^1 Jjl=^l jA Uj i(mL) j^>»ll ja U (lj) 

jj^jplU JjL^ j><i mL 2.0 1^ i^ji^-^W «■! ^ A^yn^ 

u JjL. L. . 15000g/mol J^! (^J^' ojj^' (^) 

JLsuJlj sjljaJI ^liijjl J^Ai J ^-i" 40 ej.4C. Ja.j j_p!21.1 
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liA ^ .jiio 5882 U jl^ Aiiiacl CS^ -X l5 JiJ^I jUiaJLi 4jJUj 

^Jjjll .CJt jjj 10 'V(i (j\ 'X lSjJ^I jU-^aJl ^rijj^ (Jj^ 'L>^i^' 

J jj J jj 4ja ^ jjjj (^jJl L«_pLJl J jA (volume distribution) 

J^l jA J jjll .AiiaJ ^ jjj^ 0.1 LSJ^! 'Cl '(clearance rate) slj^l 

jjc tjjli <il jJ i> Aial) 15 ci i/) ^1 85 

5 —> ^ 5882 —1 aJjVI Ac ja. JjS ji ejki j;.--^".' (!) 

. Lljt 372 JA X c5 ^L-^ 

*Lkcj ^ni->ll si j^ill li^ (jlil] ^IjiixalU ij:iL>) JUill jj^jjll jl^iLi La (<_i) 

f (AiiaJI ^ ^1 jajlxalU I jila) ^ajoiaJl (j/i (J jJaJI .iLla^l Jl j j JjUi-a jA La (cj) 
CjI j 4jaJL«-al jj^l (_KiiJ-all ^I-itj ^J^' ^ J^' ^ (^) 

jiVl ^ jAioJI J AjjjVI tSKsj c^ill _JJ-^I jA La 
jjAajoiSVl jj*^ Aj ji--^ CIiLluIjJI ^ (J-axILoij Aj^jii^ jlc. ejjjl^ l5J^^^ 22.1 

V-jj 18.0 c^jLou O2 6^ ^(^Li L«i b'jLa I jlc. (hypoxia) 

.AlaJl 2.0 jLuij CO2 ^T?-*^^ aaluj j 4<la3l 80.0 (^jLui N2 ^tJ-*^^ 

^ 760 t^jLoiJ 

^ J-^ u'j 'lHJ^ l5jL^ "Ui^ t .lL^ slcj jUJI (jl (_>ia jjsI (^j) 

j_jic. .i ja. _^l ■ '— ^1 (jjiLlLa j^Ja»Jj .<Jjla 23 t^jLoii ^>ii-a]l ^ ojl^)aJI 

^ ?SjjjUll ^ jUJI o- Vj- .1500 psig Ujl^ SplJ jUJI Sjjjli 
? jUil (^ .la-jj Vj- 

(JjSjj .sjjSj «.Ljj! jliil (j.a Aj.aS (jlaJ^ ^^>^ tAjjj^l ' "'"'I ^ jll j"-^ ^ (dl) 
ojl^)^ (3^j 752 (_5jLuy Uir ..^ Aic. IjoilLa 4 jlxJI ^I'N'. J (_pa^).xix]| 

Aic. jliSI (_5ill jj^l jA La .JJjl 1.5 cSjLuU 44jjla 22 (_5jLuij 
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^tiaj ja ijllall Jjijoi . jjauoiSVlj Luc. jA ^JjUlj lllLoiljJl i jIKTi 23.1 

(j^ Aaa^-^ :AjjVI L-IiSIjjILj jlxJIj .^y^a (_jlc. A,<uati. (_J^l£ JAaI Ajxj 

Axaa^ iAlA ^ 73.0 cJjl-u N2 (> V-jj <^ 25.0 c5jLaU O2 

.aUI ^ 2.0 c?jU5 CO2 o- 

. JlliaiUjLS 400 c^jl^ -lai^ ^ jliJI ts^^ cAjjj^J CjLuIj.JI Ja.! (!) 

. jUJI CllljjS-O (J^ VlT I fill 

j^jJc. Jj^_j<a31 ■ '--^l (jjiLlLa ^ ^"JJ -^J^ ^^J-^ 22 (_5jUjij ^jji-all ojl^ja. 

? jUJl -^jJ UJ^ j> V J- . 1200 psig U JjLa 6*1 ja 6 jjjlall 

LaS (^^L^l Ji"^ ^^j ^*lj4^1 (jj-*! I iM jjJ^ jjt'j 1 11 .Ajj_jJaj e-^Lijl pLaJU 

LSJt^ jjjjla (Jl at'iiiiIj ^JjjjJI J ^Li^)*ill ^.lll ^ (J-> "mil ^jj^i iii'sVl jj^JJ ;jS-«J 24.1 

^ =^ A 

C; J a" LS ijy^ H . J (jj^ CS^3?J' iai^l jA/J (j! Uj 

^ (3jjj 95 (jJ^JjS^iU }ni> lSj'-^ -i OJ^' J!>Lijl jj^JJ jA 

nl^ bU C^J^ UJ^^ t^J^J --^JJ^' CS^ L^"j 40 J ijljjjill 

jjVl J c^) JjSjjII jla. . 0.74 mmHg/|.iM 

jjiall LdljC- jjLoj Aiajjjl ~j ojlj-aC ^ jjjSLill jj^JJ (JJ^Lji L?^)^ 25.1 

(Doran, (high-performance liquid chromatography HPLC)(JjUJ1 
(jLlia ca^j .Bioprocess Engineering Principles, 1999) 

• ^1 (S •> It Sj^lj" S!*^ jjj^^ (JjlLa-o A ni 1 ^1 jC.jpLojj^l nil 

.13.1 Jj^l jjtuJl cjiuajc. J cjlj-o (j^Ua 
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Jjij J«aiil) ^IjftjjUjjSfl hh\<y\\ JjjS*-JI JjSjj Sjjj jiali. :13.1 JjJaJI 





(g/L) jjjkiuJl JySjS 


57.95 .57.01 .55.55 


6.0 


113.05 d 14.76 a 10.66 


12.0 


173.55 .169.44 .168.90 


18.0 


230.67 .233.89 .233.66 


24.0 


301.11 .304.56 .300.45 


30.0 



. jjjSjoJ] jjSjP (J^ i^jVj ft xi\ l^ljajl J sjjill (jJalio iauijia JAa. 
■-iV.K Ajj Uulj - ^j' sjjlll (^Jalla JauijO^ ^^-^ - 

jjSjp jIjIs La .209.86 tSj'^ * JJ^ Aiialo jjjLoJI (_jk. (JjiaJ AjjC ^^astj (dj) 

^t^-iS ^^^ ^ ' "^ ^ 

(cjIj.^ ja j) (dextran) ijji^:^ J^c is '^.j^ JL«i..il 
it-iiaJI j^oi ^.ic. 4JU. .(concanavalin A A) i .1 (jJULillj jSj 

^jAlljJ (JjljS ^J-iaj tj^-aJ t iKll 2^;!*^ CjI j^LojIlo <*jJaJ ^)JC. jLjjjjVI ^jl-i'lnij 

jIa. (_J.ajL3lj - ■ "■^ ^1 La .ilaJl Cll^ (jjlliUl^ J^'j (j^ j''"^,'''^^ (_^ja^ 

Jj.l'.'ll ^Loi JlxajS ijjl^'l (_5^)^l ^ .(jii't nil (JLutLbuL L_UaJI jSjoi jj^JJ .AjjVI 

.14.1 Jj.i?JI ^j-^ cIjULjII j .lijaj IjjAaJi jIjoJI jjSji 
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.kA^M^ CiL^j CjLjaa JUsluiL i_uadl jLui JjS jj oLuiUi :14.1 (Jj>iaJI 



(mg/dL ) i-ij*JI jlui jjSj3 


(mg/dL ) tjjfcJI jiui JjSj2 


5 


4 


12 


10 


28 


24 


64 


65 


100 


95 


150 


147 


240 


256 


352 


407 


425 


601 


465 


786 


500 


982 



JLa^l jA L« ^(hypoglycemic) '^-^^ -^j^a" ^^ik^l I^La (^) 

Aij£ ijAjJa \jui JaLujVI (_jJc ej^ lillloj ^^>ai1 jJI CjI j^l Ac jm^ O^Jjs\ (ill) 
? j^jJI i^ff^yi cS-^ ^ J^' C>° U"'^ « JLaalaiV Aj^aJI t_lfll<Jlj Ls (^) 
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ij^ jcVl 1.2 

If '.fj^ ij^ n'u I II t(Ji f-i^ll IIa jj-o 

.JiliajVI 4jjL«-a J 4jjL«-a JjJ jjl js]l ^ • 

.A^ A^^yXA AlAiuaW 



ialiaJ^^I (2)^1 jS ^Ji4 2.2 

(_y<ail (^^') (^^' tdj^ljjJ jjjla ij^l tJaUajl [£jUa AjuJaJ .^JaJlj AjoiJlj^l 

jl AjjIjILI AjjaLo CIiLll^Ij^I (JLaalLailj (jjjljS]! oii a\\ L-L-aJj .lAaC. 

^^Ij3I (iP Jjj U->^^ .ji^"^ 4(Jl!Lall (Jjiui j^^c jjjlLo i_L-aj AAi^jJa jjc LiK <alia^ 
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ejp^^l <jaL^I ojSlI fjii JaJjll jJic ^Ljill (jjall jL\ j! iJ^J^ AjuJsj tA^jaJl 

(j^LiJI L_a_jiljj£ |j_jjl3j .ja^jll Jaliijl (j_jjl3 (j^ AJLi. c^CjLuijj (jJJj j^-'^ ^ 

j! ^1 Vi^.'ill J ^ d845 is'^\ jUlIW 

^ .4"i-> Hilt ialiajl ^ sUj CjjuJaj AlAjui jA <a.jUJl ^jKJl A W niti (_^jLaij 

CliS J f LsLlII ^>1c. J '(jjjS (JjS lillj JaliajVI jjjl jS tlilajJaj ilijc. 

sIa ^jjlU' . 4 « Jali^l (jjjiji AjuJaJ 4 Viml 0^.^x1^ 4jt mjj jj^lj^ Jali^l ^p.tlLi> 

H'j^lj cA^l f^Jj '^^l^' OVj^j JiSj ^AJill Aiill (j^l jfill 

^..1 . ..^1 1 ^ Q. (_jA*JjaLj dlLlib^ /j/^I^'qH ijlj^jj^lj Aaliilj / 2 i <C|\ . >^ti 

i'<l . ^, ^xo^ ^ (Jjl 111 flti 

^ sUax^l JaliijVI CljV^Lx-a ^^ml _JJ Ij.^ljJ l^Llj^ j iiUaj"^! jjjjl ji t j (jlxJ 

Jji^ ^Jd^ ^ diiiAikj ^ Jalia^VI jjjl j2 ' ' — ■ ^ j .4.2 ^iaLJI 

< _ IJ I III J CjI 'Ijjy'lj n I f-i"! • 

4jjjSj<aJl tlilalijll ^tjjj J ^■<j<<i .Vi • 

^-1 1 1171 11 ejl ja. ia_jJA • 
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^1 

C:LjjU=ull 
Its. 3j_j-o^1 AjCjVI 

.AilLkJI ^!J#»JI CjVU- iiUajVI J Aijl jJl CjVjI*- 

^jIoIaII ^ ^tj^t uiLwi^ 3.2 

tAjT ni (j^lj^l (jji > jl I nt ' ''J '^'^^ .'J 'Ajjl jji Cj)^2\jLji AjuJaJ ^1 $.LlijiVl > jl i nt 

aLUII (_k>1 jiJU AaJV L« .(1.5.1 ^^□i-Jl jliji) jhiJ 

Li jal CjVjx • 

Lii jil J 1^1 IT II diV • 
AiLkll • 
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Aillk^l J. J nil tllV • 

<}K31 AiLkll • 

AjsLk-all Aiajuill • 

^llaj 4 JUJI Jjun ^^ic .<.LijjiVI J ^1 j^l a£j^ jaII 2 U-:. (jjiiajj ^ j^iaJ 

jjjjjll ^_>^J '-^^ Cy fi-^ '-^ a£^)^ 4i^)a-o JJ-^I "^JiJ -03^-*^' J'^'^ J (J^-^ 
jljc. (_jJc A^ii^ JiJ^ uj '1.2 (Jj-laJI (jJf« jA LoS ^2ih4 A\ 

CjjS Ijjj .y^^ jiUJj Jl. A^LL jaJI JjSj V '(jj^l 
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n\\ (jl I ^niW jjx (JS ^'j-^j <^4!^ t"<jKll (jjuXall" HAjla ^j-^JJ Loj^ 



tjjSj (»Jljl (l5a-« Obja.>»Jl :1.2 JjJaJI 
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.4ui jiilaJl J jJla. <LJl jj (1.2 

bLoJcl <JLuuJI (Ja-J ^jil (j^ <-iij]ala]| (_ij«Jj .AiLouJI <_ij^>iaj liljLialjpal jjij 

.(2.2 J^l) (AjjLkJl Uj^LlI j> L, ^ ikL (^1) ^ >Vl ti^l >31 t> 




Silverthom DU, Human Physiology, 2d ed. Upper Saddle River, NJ: Prentice Hall, 
2001. 
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AjtSjlL t^jJI J^l (jl .^U-aVl J-^' c> 1 cmxl cm1(i''.lni<^ 

5^ jiiiaJ) tAijLJI Sjaall SJjSlall ^Jajll j^-^j ^ (^-S -5 4^ j"""" 

'J iJy£ 16.2j 15.2 uJli»]l c>aj*iu.) j.L«jAVl (jiljJI J) ijUllj 

(jj . ^4^jh"uil ^)JC. AjxjoijjII a \ I r^l II A^^pJ 4jj^j]a jjij J jjS-oJ A-a jh'inll .ijJa. JJjij 

.*l ja.VI |jlA ^ .^Laj La Lilli 1 ^ j Ajlc cljLa!i*JI ^J^JJ A-a jlkiall ~ 

jA (_u^l (jja^ (jl (_>*iLuil ^^jic. aJ! I II «1I i_ijjaj jj^^ iAji-aLaJI i ^ (jja^ (Jli* 

,. „ ,-uLU114 >3 .2 .1 ;^ 

' — " ' ' ..j:ju»sj4 c3 .2 a ^ 




AiaiUaja J <_uS ^rHi Ax-alaJI siiSll jji-a lS^ 8/20 A^jaJI :3.2 (JiwJI 



^ Ijj^j iljjaja-a (jc A-a jhlnll iafilall ia^l Ji fijjj .(3.2 (J^jiJI) ^aLajAVI ^JJ^ A-ajJala3l 
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jjll i jLla^Vl (>a*J 4^ (jil La jj AaiajJI «X<JI CAS, tjnUnir.! /^l 20 4£ jaJI 

(jJasu . jl^jAluiU (J-aaJ 4^jlai«j oJAa-a ^jj^j e-^ i^l^ 'LojJalo (jjj (J^jsll jjJ^ i Wi Kill ^ya 

4jI^ e^ljll I _ iVllI AjJajj] 4jl tjJ^ .<_llall (J^ajj liSlj (JI!Lo j .ojfl'unn l^lj <jl<i_)]| oiall 

•(differential equations) AjLialidll cJiAjual\j Lii^^ia-all JLaxloilj Lij^Ijj jljn'unlj 

.i.lni'.'iii ^1 UJ^ • 

uilill ^ 1.2 JUaII 

^iaC I ' It'l ^ 1 1 Kill e ^JaliJI ^jji •^-laiil.a JJC' AjJau (jj^ 1 n'u't i _ ^jlaL^I 

<JjUaJI (j* 4jjU^)^ '"'^'^ (jl^LoJI (J,aa-lj .(jj^luiJ J-l^jJj cAjjUaJj (J.xi«jj to jijjJI 

.t_lla3l j_>:ajj (^Ljj^I (Jj2 O^lpJ "-^JJ^ O'iA^lj t-jJaS 
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JSJill) ^Jaiall LJ^ilij Jj.laJl i_ijaJj i^L-llSlI j ^Jalall jjj jll jj^Loill pln'hiilj) (—llSlI 

^ ■ sIjjjV AjaJill ;_aj*j jj! Aijj UjV J eJa 2 . -^y e.L<i ^ilajll saJI Lai 




Jjx<a i-jIsII (>3jjl ^Jala :4.2 J&w2l 



j^Ai 4j1 Aii*^ (John Hopps) o-jjA oj^ a--%* tl950 

Ul£ sJj.la-a]l AjjLLJI J.aC. oXoj jl^l j^a^a. (j^ .^jJLuJl ^ t_lis]| (_>:ajJ jJiio Jj! 

^jLii^ ^ (J^a^ -^"'-^ ^.^Lj ^jj J' ( ^_jjJ9^).aII (Jji ^j.a (Ji on' i il^U ^jAAJ^lLa JJC. 

il '(Wilson Greatbatch) (_>2Ulijc. j (_>^ja ^ -.ja . ^-i U 

A^jlLa AiAjb^a (Jxxluil (<atJ^)xiJI dll^^jb^a! Jjauoul ci-uu Lolu Aj] 

. Aj^^^l dl^i ^Ijjlj * ■ i " il . t.^ r\ 1 ^ '^ i [ a .'rrX i ^1 ^jr-. ^ J i L ^ ^ iA J i <a ijjlj 

JStill 4^.1c. sLpJI sAjAxi <jjUaJ JJjiaJ (_5Jc. jjSjIjjjjC. (JxC c^ia-V Ol^jloj s.^ (_5Axi ^_jjc. j 

4jTJ_lUll ^-i^'llj^ S.iIt'iiiiI 1^ n La l^j (^iadla ^J^ajj JaliaJI ^^^ic. |_jjJa^).a]| ^jjj!^ 

jj,„s'.^ ,U <j.4jij3l <ja.aaJI tlljjad 4 1985 .«.Lau-^aVl jLacI (-Jjlij (jJiaJlj 

J (j^aii (Jiia (National Society of Professional Engineers) jjjjj^l 

^^^^^^^^^^^^^^^^^^ .A^jJaLall AIjlu (jjjuLaiJl (J!iLi AiaiAiA dll jLajj o^jjuic. jaiaC-l (j.a 



111 



f IjjJL jjjJjII 2.2 (pA 



(theophylline) jjLsj^ o-j^l i/j^j^' j'-^' lJl^ o^j- 

t.\ J J jjijj c^Aijjll (>aJ' i) ij\ 'j^J -0.5 mg/min J:i«-4j Jj^b Ijaijj (jia4 c5^' 
.6 j^lia (jiljjll jjLa jjiill J'-^j jiJill (jU ^ 

.^LuaVI ^ Ajlajll a^l (l^jk. djUoiouIl 



4j j^oll SjjJl 












4- ' 







(JjUjjk ^ AjCjVI .(-ij^lxiiJi jjJaaJl ^ l^V '(5.2 J^AiJI) Q^jA 
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4^ J I:.-, .11 ^ 




J jja. jjc SjUII :6.2 Jiul) 

(j£juJI^ jialall ^)JC. Ajxljjj!ill jj^ljiJI 1 ^ i'^t'iI Ajjl j-all dl'V^lx-a (Jxalluij 

A^li^UJI f^l Jjj ■^^^^-'■■■'j AiljJj A£jaJ ^^J-^Llj i ti 3JjI*a Jai^j .(6.2 

Li J\ (j-^-Vl cjV^ • 
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^ JaliaJVI CijSl -i^gjaj V j J jjj V ^Ll^UJI ^ AJiiaa^t ^j-aUJI icjjjjulU 

<LaUJI CjI jj ^^iii .iijAi V l4jl^ c^JaiaJ^ ^jxIujj Aj^U LaL^ 

^ 1 il I ^ ^yij (jjijl lil .IjJaJa^j 5-0 jiilaJl 4jL (^jj^ll i_aj«Jj 4((_5jjjll (JcliiiJl 3JL^ 

Ajsl^iall aJjUlsIL Una J, < ^jf 5 U-n^ 2 . . ^1 ^ jIjLo ^ ^^ijll jjS^j 1 ^ U.^ - J 2 ^ jU-i-ti 

2Lo jikLo Jj AiLiaJI AiS^ jIjLJI :2L}K]| Ai^\ iiU^I jJiil .lui^l j a^ _jJiiJI jjj 
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^L^l JSkJl ijjj tAiUJl eiA .kji iaja^l AjUirJ <JjiJI JjLi 

Cjijjl jk. AxLa JSI ljj J Aijx-a Ik tjllall Jjiui ^_jjc .IjjIj 

Jib V (ij >Vl <.LuiVl JSj c5 jl^l J ■ ■■" i/) UJ^ Ali^l j . j> 

jiilaJ) Uj^ a\\ (jji ij jlaJl AjiLa (JjllL 

'O:?*-* ^j"'^..'".:^ ' .''^J" ^ J^"'" (Jtlij (Jj-o^ Luia. aJjIsix 

(jjiiaJI 2Jj£ ^ t^lj^ jjxj Jl J 1 jlij J .(jjillj jPimII (j^ ^ j.ii-nH lilli] AjsU^I 

tjS-oJ ' J jS-aJ Ajalji (j^l jaJl ^aa. ^jli / \j<l'.Uj S '.^ll jjc, j 5 Ui^ \A\ 

iaSa ^ (jj£31 ^JJJ V ^jjII Ajali Jjl\ ^_ya\ ykl] j jA aJjUxj (-Ll-o 

^1 Jill = - AJjill + ^JJ - Ji.J (1~4.2) 

j^l Jill = 2- jiJl - Ji.J (2-4.2) 

j^jI*-4 ^1 Jilt jIjLo Iji^Uj 4-0 jJalall AjjIjoj^I j AjjI^VI JJ.^ILJI ' j 

^1 Jill = ^I^VI jl^l - ^l^VI Jjioll (3-4.2) 

(j^aij La y jj <i-aU. t_5V Ajjl jJl aIAjuoI aAkI] 2JLaJI 7.2 (Ji*i]l jJ 

. lilvl);"!!!!! jl Jjlji (Ji fT>J V t4jT III Jill 4 u .-il \l l^j3 U ^^^1 4-aj;h'lnll 

4ui jiiiall jj^ Ajsil. Jill Aj.^Ult JlSijI (jc. (input, output) ^J^J JiJ oUll-ii,-inti 

jl.^ (jj^ ^^1 dlV^^t-fA^I |«^J«i"> tjl < I «^ J LoAj . Uj^ flit J 4^ jh'lflll fjli l^.2Lla j1 t-^lj 
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AAk^LaJI Jili (AJLaJI al;^ ^ . juL^I (j^LajAj <±i>^laJl Jij (j^^j • 



3^ ^liiall JjJa. 




jpll (j^l jaJI 3j - 



:7.2 tiS^l 
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jja. j_ja jiaiall U^jj ajjuj jjII ajx^UJI AjuS, (generation) Ai!jj2t i:*. ' '»■ ^jj 

eJlLo <kjail jJ t>5lSiil V o'^' ^Smi J jjjxi 4(_ijl3l (jjaxj (l^U,^ A^jkiJI 

.^W^y^nW liA ioiu tL_lUSJl liA Lai .dCi^l j ^ jJ ijj.^ 

(Jcliiill jA 4-0 _jJaiA 4jT nijp Aji-ali. liEiLjiuilj (j^ ^ li* i_yajxl (Jlj-o (J^-"^ 

^1 _jj 4e^.ia. AjjLlojS (jjSjJ 44-o_jiaLi ^ ^'^.'"..''^ (Jclij - (jJ^ .(_jjLl<ij^I 

y^UJl ii. .(Jj^JlclidJl (_^! 4<A!Ja3l AjjUaj^I (>"l-i?.Vl lill^iou Ajoij Cjajll ijc-lioll 

: (photosynthesis) ^^,^1 Sry^ Jill o^aJj 
6CO2 + 1 2H2O + light ^ C,H,20, + 6O2 + 6H2O (4 - 4.2) 

6 J 4((._u*il jliii) jjSjkJI iiya eiliaJI 4jjLloj£1I (>iLii.Vl i^JUJI ei* 

^ (j^ljj U jl.:Li i\ jjs > 'i<;i(i-i . « l isUI t> 12j ' jjjj^l -ii^l 4^1" 
(jV Uil^ cjjsj Jaa jjS3l ^ (cj^iUiUiJIj gil Jill) iblSlI ^1 U .(jj^l 4^ jlklall 



<ja jal f-i^^ ij (j^ ' _ '-^J 4(o.lVj) OJ^I 1^ AjalujJ 4ji jj.a AxaS Lajja. ilij 

(jx (j^^ liEiljiiiilj JjljkJ (^.i^ I 1 I fTl' (j! 4 W nilt J aIj^I 4jjlj« ^^jUi-al (jS-oJ .(sUa) 
(Jjjijll ijc ^jjj La jA '^l^^"*' J .lljju 4jir .n jjll jj^l jiJl Jli^j .4jjLiaiS1I Civltlidll 

AlAsui 4jSjjl£jAll AiUall JjjaJ jl JC. (_jlc 44ilia-al) ASLkll ^Ijjl jjj La ^ 



^J':^\ (accumulation) ^\ 

^ Jl ^^j ^ill sjLuriJl jl ( <j.i.l«JI 4-aja3l j»£ljjll Ja. (jLaJ djljUaj .Aija-all 
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.^jaJI 



Bird, :^) <^ aA«1£1]|j <A^ui]i c:jVjUJ1 ^\ ^ (ji-j 

liA L» ^ U .(Stewart and Lightfoot, Transport Phenomena, 2002 

tl n\\,« linkj t^'j;^' 4j!>l!ill CS^Ajuc1\ jj! ^«-Laa. j1 jA -^1 

AjjjaJl i:jVJU-» 1.4.2 

Ai^jiLA ■kjijialja Qni'rx Ajtm joll ^j^l j^l La j^aC <J^)J^I Ajjljxll il^^Aiua jj' 

Ij^L LaS A^Ul ^jJaJI AjJ jJI AijUix i_JjSj 4 1-4.2 
^i„-^out+^ge„-^co„s=^acc (5-4.2) 

- ^Jioj f-^\ <M jlalA\ J.iUj t^iill <i3u^ jjll Ajj.^UJI jI.^ '^J=^' • ^out 
'•^•'^^ - ^Jlaj 6.10 sLiil 4-4 jialall (jAjJa .iJjJJ AjaL 4^jl^UJI jljLa 4 Jjljjll : ^g^^ 
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eiaJl <i\^ 3-0 jialaJl jjJ ja. j^l Jji\ 4jj^UJI jl^ jJJ JJ*^' C?^ 4^aSI Jill : 

<_ijjaj] ^IjjjYI J j^l^Vl jjSjJall Jl AT u 111 (j^j 

^f-^o=^acc (6-4.2) 
.^LojaVI ^ jj-^ 3^UJI .ijLj 6-4.2 j 5-4.2 jjj3jl*-all j j.iaJI La! 

^bLiaUiUI klJijA ^VjIx^ 2.4.2 

^)JC j^\^yiliJ\^ ^ ^ W:?^ ^LajaVI ^^jj-ia^j-o Ajxjojjj]! (^J^Jj A-o^jlai* 

^jjtui jjll <b-^LiJl 4£Lij (_5i31 jLuiaII i^lLall IIa ^ 4 '^J*:! -^J^ J lsJ^ 

tllLal^^C. 6 i^jLuy (JJiiij (Jax-o c^iliLo .Clj*i.i«-a]l (Jl nt'l i nlj jI^^aIuiU l^j^ 4-ajln'lnll 

L_LiliLjjl (J^^ lilil^IluiVl a£-<iI .4^ jJaloll (Jia-aJ L^j-aSl j-oj 

4^U. jA ^^Ja«J J:i«-a (J£ J .^jjljll ^ 0.64 (^J^! cS^I AauuijVl ^^ jja^Vl 

iiJIjAll ^JIjI^ ^J^rtlt'fl .(>»jll 4-a juIm 3JjS aJLsJI sIa j t^Jjtli Ji 

*in-*out+*ge„-*co„s =*acc =^ (7-4.2) 
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dt 

Jai *F tiull t"4J:j£]l" AjaL_pll A^UJI \^\ ^ Cjijp. lil ijllall JjAui ,_jk. .(derivative) 
j^VI J:i«-«3I AjL ^1 Jill Jia. La LJli. J .^Uj^l jUll J lAjauill (^jll 

Ajal, Aji^Ull ^ 47-4.2 .1 jAa. .1«J La! jJilall AjaL jjll Ai^^UJl 

Ai.llji-aJ 4tJi.-i11 ei* (^-a-i lil . AjLalij AjlaJ sia Ja.! 7-4.2 (-JuSj 

A^ jiuJI J' La ' i'.^-' 1^1 <jLiaUj]l j-all <JjL«-a (.^ij liljLaJ .^jLialij]! 

(jiiLuil j_jJc. (J.aaJ La.ljc. <jLjalaijl| CljV.2L«-all (_J.aaIluij La LJlc. j .(j.ajll (ja La AjaaJ 

J i-j jiill ^AaJ t_LaJ iA-aUil aJLsJI Ajl^-iliS 5JjU-a JaJ j . jn'ni<< J jla. 

(j-ajllj (JslLouJI jjili-all La A-aj3 .Ijc (Jl'iiiiall JJC. jjjtAxJI c^JLuuii] Lnjjj 

A^l^l 3.4.2 

t^j^-flS]) AjIaLSjI) CjUJIj^I Sijli J«aaj .<iLal£j A^j.^i jJI aJjLx^ AjLiS ^j£aj 

j.a]| CllV.^Lu (j^^ -O^j^) (1)^ ^j'.t.^al-. ^^j'b'v \ i_ijjlall Jj^^ L»L& 

3JjUi-a ' ^ .^LijljjjVI J AjjljdjVI jiiliaJll jjj 1 j''-'<- J Jjl jjll 4jjU^ <jLi£ 

AjLallill AjjIjJl 

C ^.n dt - + £ 4'^,„ - = ^'^^ dt (8 - 4.2) 
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■ tf J (jjj jlilall lyu^ i jjj AjKII <«1u aal^UJI : J ' ^^^^ J? 

•tf J ^0 OH'^ jlilall ja.^n -^^^g"'.^'"' AjKII AjkIu Ajj-aUJI I J ^ ^^.^jj^j, J? 

•tf J (jjJ <^ J hi ail (j-xi*^ Jjj ^ii^l JjI' Ajj-aliJl : | ' dt 

"Pace '*cons ' "Pgen ' "Pout ' ^in '^J^^^' ^jM' J> C>J 

J ?Q jjoJiaill ^ j^LJI jjJa jjc CjLa jk-o sjlc Sj^Li. A^ij jjJI <i^UJl 

V ^\ a\^s,A\ ^Jiill La U J .4jLI£j1I aJjU-oII JImIoiU aJLiJI (Ja. ^ 1 a^jK J 

.5-4.2 4J:il*JI (j! 8-4.2 4jUl<;-ill aIAjJ!^ (jlxLj i(>j3l ^ jjiuj 

AjniVl,;!! jjajll (J^ Jj.laJj cSJ^ '-^ Ud^-^i** <)Lil£jllj AjLjalaoll JJJJU 

.^Jl>«2l (JliVJtdui CilJ^ :2.2 Jj>^l 



























^ Jill ^UJl 




V 


1 
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cjLjV jll o^i^ 1 279 800 aOOl jJjj /jj^ 6- JjVlj 2000 jJjj 
4 052 800 ^jj JjJ '^^^t '^LjV jJl 4^ t> 214 800 j 

'^JjA aJjUl- ^1 J cU>2l jA L. .'^'(8.2 J^l) 2 435 800 ^^i^j ^Jiia 



I jolj Jii» 4 052 800 




t> JjVlj i2000 jJjj t> JjVl OH ^LjV jll :8.2 J^l 

.2001 jAj. jj^ 

JajJl JjLoij JLutLoiU (^ja-Vl ^JJ^I J Jj^-^l ialLoj S^laaJI CjUV jll JjJt^ 4-0 jlaiall 

^ ^4. jLjjC.1 (j^-aJ (_5Jj 1 jlaj j j Ajjj ^^^A Ajla^^l oXall j j'l HI l^j^j tAilla^l 

jLuJ .laJI J .IjA A-aj!>La Aj_>iaJl Aj jl j-all aJ^iIx^ jls cAjxlijj Aii-aljk jj^ " AjJaj" 

^^^j^lj .1^11 A^jlilall jln^l (> J^l liA (jV itj.=ii^ 1279800 

IjJajj .UU Ijjli-a 4-a jW\n\\ j^li. (_>*iUll jj^a ^Ca^ IIa jS/ t^.-i-=> ni 214800 iSj-^ 

4052800 c?jl^^g^„oU .jjlllj A^j^\ ^ ^ ^l^Vjll J 
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.0-^2435300 
= 1 279 800 p -214 800 /7+4 025 800 /7-2 435 300 p 
= 2 682 500 p 

2682500 c^jL^ (W,?* La^ljj c^t) <iaL^ «-^^J .L^aiJi ^^^iu /> jl diii. 

t> JjVl J 2000 jjI jj / jj^ (> JjVl CBi e-ia^l "^LiV jll jUjj ^ i'll.^'. I . n. 

.2001 

(IjluJl Sljlia 4,2 Jli»JI 

30 sjLic Jj^ 1 g ij.^U i-L.^ J ■^j • liEiljijai) ^Jc U^JUJI ^Lay jj.ojA jAj 

.tiL)Lia*il L^iU. jLoJ) i^Eijiail jj>j] Uajj (pioglitazone) j^s^ J*?^' c> 

JJC. CLuIj jA 'j>jJI ^J-o 45 C^jL-aJ t— uIj jA filj '*! J.iil t-Lilaiail f ul 

^io 2 Ajl (jJ^ ' iAjui jA\ Ac jaJI •'— s JJ" 

Djjlxj jl l|g <^ul^^ sljJ -^JJJ (J J 'LJ^ ("liVquiil ja «.lj.iJI AjL (jl (_pajjal . L-lliLai-all jJC. 

J\ aAjJAsli jI <ljf?. J-a AjjLu-a JLaatluil (JjJasVl (j^ Ja .(^illLa JjJI) lSJ^^ lS^LuJ J JJC. 

A: (_L;UlaiVl L&«-» I Jni->tj iA-a jiala jja. ^uoia. JjCicI ^liLaJj ?A: i_lLjiaJ <jH£j 

.(jjjlliic.jJjU 

SjLi ^I JjaJJ (jjjllJc. jjj]l (jl 1 jiajj .Vi" Ai-ajJ ^ n »ljJl iJlS^l^\ :(JaJI 

t_Lajj iSjLauJI eiA (^ (Jjj3 tlij j "j (jj^l (_5a ojl.:Li (jli 'c£ji.i ^LiAiS 

ts^jj 'O-jii .iCil^VI J:i*- (j! J .liEil^VI :1a. <J^j£1jj,^\ Jji*- (_^1 jikill 

. jUi. J. ua! ^ 4jLI£j1I 5jjl j.all AijUi-a ^jU 4^.1^1 j ^jj) (j.ajll (j.a eJAa^ eia J 

I jJaj J .1 jii-a (_ii..i31 .1^ (jlS 4ejjujLj.a (j^jSU (jJ^ <Jj^ ^ (j^ liJajfial I jj 

.iJjJJ Vj .L-iajt Ijij-a (_^ jLluJ ^jaJI .1^ (jli (l^^uii^ (j.a i ^ I^Vl i n <i jJC. si ^ JJ^ (_5^j 

t-ih i_si&J lllj tl^ «ni-> ^ slj.^ 

Jt„ cons J^^ / 0 
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^ niii;^ ^ ^'in<^ll sljJI jljlLa jA j t^io 30 ij jIjoij jA j '^ajjll SA« s-Ai ^ (jj^ 

(Jj^^aaJ =lday 

- ae = 2 mg - 30 mg 
k k k 

j1 t-L^ljLa (JjjS j^^yuilA. g-oUjJ (JLajtiLoLj (JaJlj ^jjll ^io 45 — J (jC. (jlaJjajJlj 

.(jjj\jjlc. jjJl jja. ^.duia. (_L)lSLailj (jjpLall iiuljll jAj 4 A: =1.04 day"' 4 cUSj 
(C. t^ii*^ J (F. Banting) ^jj^'j • 

Jjljj CjjUi ifjj^inWi AjL^a^ i_Lil£ Ajli. J ^j-a jjJ Jjjtj Best) 

'(J. B. Collip) S-yij^ -S-" jA J<17» nil (j^ ^1 jjJaC ^la J .^^tiJa (_^ic. j^jLjJI 

14 ej-ac ^^fi-^ IjljJC. Ac J --^ Llijiikl 4 1922 jilc- j .(jJ Ajiul AijjL .^W^Jj 

.A'l'i'wll .Ixj 4C!j_^I i^^ic Laic 

jjjLI^\ A^Sii, sLalaJI DNA SI Mi^Jj 

jja. ^jjl aLISII Ajjiall (-jjUjII ^Laj .(_^j1jJI sl.il Lv!ic (jiijl jjljioj^l jjl 

2;!)lc jUJ jja. <^jj .Ijjj^ j^I cfT^ fW (Langerhans islets) o-jU jijV 

(jj jin'b/U CIluUj ^jiljlj ' ""I "'"''^1 cf*^ 44.ajaijVl Ajai.ljA (JLaaioilj liSli (J*lj 4i "«i ui 

lili^iaij .Ajjl jaII AJ^iLx-o (_jJc. 4jJajjLjl AjijJa jll jjall Vila AlaJU-aj sl.i jS JJ 

ia. V 4(_^j1juJI st.lJ 4jL^t 0<aaJ La 4^^tjiUI (-lJ^SLljiVI sllil jjljxujVI 

^ .IJ^Jjc1\ (jjiLljSaJ (-^JJ (>ijlAjijV 
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ialiau^ri ^Jlx^ 4.4.2 

:AJlill Ai^Lj 2-4.2 a1^\juA\ ajIjS i^jjja. iiUajl aJjU- 

^in-^out=^acc (9-4.2) 

^iaLJI ^Jf?-!l <jj J^l 4J:>lji-o .oJia^ ^^^J j^l Jill jA 4^^^^ J ' Wj^ 

^j±,^ A]^i-^\n\\ Jill A^UJI j! ^ii .((JjljjilJ) si^ (Jxllll AijJ 1.4.2 

.AjJJaJI <^ ^^^^^ J ^g^^ jl'^l li] ^tflV^i Vj 

^f-^o = ^^^^ (10-4.2) 
AJ^liiiil laliau^l ^jIjla 5.4.2 

Ai^U 4jLaliall iiUajVI <i:il>" 44jj±aJI iiUajVI 4ijl*-» J jc ^ 

*I'in-*I'out=^acc=— (11-4.2) 
dt 

jA jl ^'^^^j .^JJ J:^ jA ^^^^j .Ji.J Ji^ jA jl dij^ 

.2.4.2 ^K^J AjLbUill AjJjJI y:iU* ^^1 j tUolUI olij>l3l (> ajJJ .^I Jill 

hlAS:jl\ ialiau^l Aijbba 6.4.2 

•.'^^\ Ai^L. iL}U£ill iiU^VI 41^1*- ^ ,\ 

I! - I! '*'out = II ^acc (12-4.2) 
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. jj' J j'' {d'¥/dt)dt J J? Jl^Vl ^\ Jill ^1:5^ u^j 

.3.4.2 ^UioW AjLiail ^jl jJI y^U- ^Ij si^ aU£1\ i-LjUUt j> jjjJ 

12-4.2 AAolSill -^A^] ^Uj] CjVjU^I Ju^h 

.(>j]| 2-« UjjJ^ ^/ ^1 4ku.nil ^1 <1U ^ 9-4.2 

^J^j ^\^'\\ Ajjl iali^l C^Jjua jl ^jr-ii r-i-s n L-itj^l 11a 1^°^ J:^^ .1 «i^'i<< 

.JiUajl aJjU-o jA aJjU-s JI Jii.1 

^UaLL-VI cHja. ^ f Uil 5.2 JUaII 

jaJl ^Lall i_ajjj-oJ jA LaS ^ 1.5 J.ia-<iJ (jii jaJI ^Lall (>SljJJj 

jji'u Ki jj^ I in .Isuj ?iiLoLa^JjLol dlSjll (j.o ijjJajaJl ^ tLall ^j-a 15 (»^lj3 l^jj 

?j^SiLall pLall ' "°J J ' c3J'''''"0 tllSjll (j-o j»£ t«.Lall 

L«fall >Lall fl-"'-t; U j.iLij J jJaiall (Ji.Jj V .^Lall <LoS ^LojAVI ^ 

^ I r-i^L I— aji .-Kill ^jijjajj .^(jJaj^l i—ulja. (_5lct (>o pLo (3^.2JJ V i^iiiiaj JSjjJI 

4^LlAl£ Jtlij i^U^'l.iiJ V J .iljJJ V S.Lall (j^ 4jisa^ ^.tall aJlS1\ j .<jLjalij 4j.iL«-a 

.11-4.2 2LjLiUill iiUaJVI AijU^ JL«i..l jL^ til 

(j^ajaJl *LJ1 jpjj =5 kg/min J JJ\ jLu J.la-a L^J^ 

:vi/^^^=1.5kg/min 

5kg ^ _ 1.5 kg 
min min 

min 
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^ <^Ui ^\ Ji :9.2 Ji^l 

j^^JXaS jjj ^jjsll .12-4.2 AjLI^jJI aJj^I JiUajl ^JjI*^ J«T'nn 4^LaaiaiVI e.i- (_lLaiaJ 



•"'o l^min 7 -"'o 1^ min J 



tj V-^W ^-ilj^l ljH£j ?o = 0 



ri.5iV=i5kg 

1^ min J 

tf =10 min 
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min ) 

tf =4.3 min 

■ jj/u .-lit jf\ t «\ :i3Li 5ij2J 4.3 alA (— aji finll JJC ^ JJ^W ja^ljJ-all »l-all jn'^nij \'A 

^ JJ.AA ljLjA. :6.2 Jllall 

^IjaJJ IjV jJ 150 J 4<._u£]l IjV jj 75 i-j^>*^j lJJ)! 5 J*-aaj il^joij 
j> J . Jji- Sji.! jV 400 J 'ii:L.^ Jjli- i jV 50 J \ jV 40 J .^Uiall 

(JS ^'■^j L>^J^ J 'lW^J^' U'^ J-^ 450 i^ljir- jij ^ lilxJUa (jjoi^ 

jjx liJjjSj 4£jaJ ^Ij^ liSjLki J.l«-a (—iLoia. ^jVi'lnri 4 11-4.2 AjjUt-all Jl nT'lnL 



\1 weeks )\ 



4 weeks 1 $900 



month ) month 
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^ $75 , , $150 $40 , ^ , 

^ou, = r (books) + (food) + (phone) 

month month month 

. $50 , . , $400 , , $715 
(utihties) + (rent) ■ 



month month month 

J jail] 4^ 4x.U]a Lai .(liLLoia.) 5-0 ^1 (Lj^>*^l) JaJa-all j>i J jiji] Vlsjjl VI 

^ _ $900 ^ $5 $715 $190 



month month month month 

^Liji^ ^Ua^ ^jAj :7.2 Jllkll 

10 (^jL^ A^i^ (>» S-^J^I ^ jiJI "^l^ (? = 0^) .(10.2 (J^l) 

<JJf?. Aj^a-o Jl nir'i.iil J*iaLall jj/i Ja ?<ii*-<i AJiaJ ^ ^ jill <iaL^I AjaJill t_iLaaJ 

I jiajj .JaliaJ^I ^jjlsu JLaxjjoil qa La IIAj ' ^ - 4^ij.^Lk 111 " ' '1 

iiUajVI 4jjLi-a jjSij i^JjJa. 4jjLi-a JLaalail jjLaJ V tj£l»-aJ eUaa-a <iau^l A^ja. 

(»LaJAl ^1 JJi^ AiLiJI J Ji\ \ jikjj .^jAailall LaA AjLl£j]l jiUaJVI aJjUxj AjLaliill 
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:10.2 Ji^ill 



jjx jJCjjll (J^ I ^ I ^JJjiuLaJI J <ljJaljjll Llll jjVI JLaai-ul O^^J .A ufll'ull <utljijall 

;iSUa21j ^1 ijjjVl V-^^l AjjiLjIiJI o-ljaJ) ^ ^J1>»1) UIjU- Uk 

I— Ajsj '''j'j .^jjjaJI ^.ij^l (IiVIa^ ^ JJLui.« J& ^j^l J ^iaoill j 

^jllj ;5 '4 J-^t ^ mil .3 Jx^l Ali^l :o^l jiJl liSli M*^ 

^ jlalftit L.L^ J 5.2 
^jaJlj Jl^l ^tla. uiuaj 1.5.2 

LaAj .4-0 jJalall JjA^ JJC <J3«jai jilt (j^l jiJI Jlsjjl ^ jaJI j (_ik.lJI t^ia. (jl jSii 

Ajtnijp <ljuaL^ j^-^?-^ LaAw2 .4)-ii*>'l<ill 4jt ni jail ^j^alj^l (Jl^l ^Ijjl ^Jn^ ^_^lc' Ljajf ^jUjl-i'n 

^ ^ij^UJI J^liii ^J^\ 3-a jikiall (opcn systcm) ^ jjL»1I 5-»jlal»ll j 

jjc Ajatlijall AjiuaUJl JSj jA J 4 (bulk material transfer) j»j*-aJl (|JL»11 JaSIU 
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.11.6-8.6 c 10.5-5.5 c 10.4-5.4 .9.3-4.3 j^UJl ^ l^Ui^j ca^j^I 
^ <utli jUll Jjlja Ax (closed system) AAJLaJ) 5^jlai»2) u! j 

5ili-4ll A-ojJalall AjjuaijpJl Aik^LiJI jliaj Vj (_^jL4ll Jaill jJC. JjLui jj 1 ^ Uj-> «i 

ijiSLuill jjAiLij]! ^^aiJI (»=>-j^'j l}^^ U^J -^Jj^* A^jlalall 

A^jlilall .AHidll l|s'ifiJ jj-aj 4(_>uL<ij]l A-ojJaJl aJjIjjII JjclLalLjj tojljiJI lilli aLo! (j-o j 

^ Ijjlc. p _jiIaJI ^^alioij tAjjJaJl Ajoi^j^l CjlinijJ La ^ AjtjUi Aali-all ^Jaill ^jj 

.6.6-5.6 .9.5 .6.5 .4.4 

ijL Aj«iu jj (j^l ji. J.:Luj V A.X1 jiiio ^ (isolated system) A^jJ«^l ^jial»il U j 

(jLljLuiJ ^^)iJI J (Ja.JI l^'^ "^Sj il^Aa jl AjT nijj Aji-aLi. IglkJu !yla .l^JaJa^ ^ ^Jijij 

^ ^i^ymn i_i jjoi l^jSl iAjjiall j AjjjaJI (JjllukiJI ejjU ASjja-all ^JijJl jjl . jLl^I 

.7.6j 4.4 ojJaLall 

Aj jl jx ( ii.^ jjai^ 4-4 J A^jialaj ^ jjL» <La jiala C1jU\1-i. ^n\\ J^t un' j 

AiUal) 1^ ^1 ^Jkill ( ii,^ j] 5J jJ*^ ^-ijlaia ^W^.^^W jAjtiiujj . j^jll J Aiiyi 

2 -.^ a1£1\ .^jll J 

Jfrlis ^ LiA-yjjil ^Ijjl 8.2 Jliall 

ejJjS dlLixiS ^tljV AjjasJI 2 ...^'.^^ll ^ ^1 J jUaj j_jic. AjjjaJI dL^lclLall JnT'uin :<iLuM 
^jjViL-all ClU. jilall J tAjjJiJl Clli ,^^11 J t'UuJI eJja. jll AlauiaJI dlbLjaJlj jjx 

. Jcliall J ejjjjJI (Jja Jcliall ^\ ^JsM i ^LjaJ .(batch) ^^1 6JJJi" 

j1 j| J.0 j'j^ J • Jj'' ' "''^1 *l-"^ tij^^ -^^ y J ClLiclaLLo 1 il I >i' V J 
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Ajjji SjjjJjlJI Lot J .^jaJl jljj AJajoiljj jlj-alLoiU CjUK A\j i'i-yjUnW JJJ 4(Ji.^l jLlJ 

LaA AiLUIj iUj^l J jiici ■ jjL<j\ill j'tisy Ljja. 11.2 J^l 

j| Lolj jjalall jA (JclLall (jl^^ J ^jj^jm (jtiutjaijj]l (jtlLi^LiJI 

dlljjjJiji (jl .2.^ . (JjT ni'llt pLiSl (JclLall ojl_^)aJI JjPj (JSjji ^^jlc 4-4_jiaxa3l 

V SJj^l jV Aja^J^' 4ji.-iUll ^ 3Jji]| jjSj Lajja. Alli-o <Ja. j31 ejJJJ*-i JJJ«J :JaJI 
(JclLaJl Jjp Clllala-allj (jjLbOjjjll J . (JjT nnlt «.ljLi! ^plcjll jl-^?-) 4-o_yiaiaJl JjA^ _>^*^ 

' ^jLall JajlLl J ^ _jlalall AaLia (Ji^Jj j . Jj» ^ jJaJI 

(Jjiiij ojlj^ ^J-^ iali=JI Ajij (JtlLall jj^ ojljaJI Jljj tojlj^ (J£ii ^^ic 

(jlijia^l) AiLUI J iSj^l (jli taj/iiii«ifl Ajjj j a j m nil (jjajjjAuJl La! 
IcjAul JpSi (JjT nlMI (j^ (jjJa^l (jJ^A (jj . ^\ 1 11^ 11 (_5JL<J1 (Jaill (Jji .^t 1 11 nil 4^ ^Jaj 
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. jjLujjJI ^IjjV (^jja. (JclLi :11.2 Ji^' 
^It J J jl£ (Sir Alexander Fleming) ^^nJk jjiLo^I jaJI jl lira. lJjjjlJI (> 4j] jj-. ^ 

(ji Lil-aJ t-jj^jjt-ttll L>^ '^l^ '1928 tj^^ (j^ ^Ai-a ^ ^ Aj^l t^J^ 

j jl^niil l *l t/iJI jA (Moyer) (Chain) ouiu j (Florey) jjla 

ji jJil jaJI t> ^Ijj! AjL-aJI ^jl jjall j! Urn t> jj t>^J J '1939 

(jji-> uifl Acjjou Ln^ja jj^j .(jil_)xiVl <aJlj«-» <jjl£^J (_jic. liAj '(jjLoujjllj L>L«j ^^iAi 

"CuSii (^ill tjijJI 4ja.tul sjUjl AiijJa jjj* jjla '1941 -(^JJ^ JlLiw jJ QiLujj 

t>Ai5>j .AjiUi^l jJlc ^jio'VI aJaij^I tills Jj^-i (^] AiLiaJ t^jjjaJI tlibLoAll tLjaal 

j.lc Ijia. 55 Jl 1943 4^ I jij^i 20 t> 'I j^iS <c j^JI (>is (j^aiiJl '^^l jJ Ajiij jjl jL 

^Ijj! ijA ^!5la>J Ijl^! (>o 1^1 JJ 'lauiu^ AjjjVI j1 (j* Ij^lj (jjLujjll Jlj Loj .1946 
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^Lliill o^jVl Js^ jJI 9.2 Jli4ll 

lil t'^^^l ejh'lln O^ji^ ^Jajoi (_jJc. LoLoJ <j£Lai s-Uiaa oJljl j (—isj I^jLuL* 
^Loia^ JjiaJt jp! .(f-12.2 J^l) cSja.! Aj^jli. ij _^ J\ nnQ 



S^lj :i -12.2 Ji*ii) 

Ig n A nV\'\n\\ 

.(NASA 4^ ^L^lj 




,.1^1 SjjIj :si -12.2 (Ji^l 

ajjLoxJI j.L.ia.Sfl 4Jl£i 

.(NASA j^VI 
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»^fc^iu.Vlj JaSj^JI Li^j 2.5.2 

jill 4 u.-iUll ^jj (Jj .<u^LkJl till; (j/i ^1^1 jl^l ^ Vj nil t_baull V jliio 

(JiJ ^ JlaJl jl£ jjJAil OiJJjll jLla-all jA IIAj . jj^l jialall ^ -^ll^'-- j1 

(Jcliiill L4AVji 44jsi1uj5 A^jL^Li. litiLgljbol j! (_jJc ^jl'uimj U^JJ^y" 

CLiLS^I djllija. "-.lijjj e^lc-l (>> (JS Jn'iiri diUkJ t-itj^l liA ^uLloj^II Cj!il£.lia]| 

J yjLi-jS Jc-lj^ J--^ (reacting system) AJelij]) 3-«jlai»]) j 

jJl iIjVjU" (Jj A^U. 44-4 jliiall (^ (Jtlij cU-aa^ Luja. j . Js^l Jc ^Ij <jLj-jS 

.10.5-9.5 '9.4-8.4 ^9.3-8.3 ^H-ll A^kUill ^ ^LiaU- ^L^ .ajKII 
Ajjji. ajjIloj^ CLil&lij J.L-aaj c(nonreacting system) Ajk-liSiUI 5-9 jJal»]l ^ La! 

- ^•■'1 Ajialla ^Loj .AjLyi jj! (jjj La (^ JjJ^ Ut!^ j ; V J 4jlcliaV 4-a jlkiJI Cjjl^ lij 

.11.6-5.6 .8.5-5.5 .10.4 .7.4-4.4 .9.3 .7.3-4.3 jiliall ^ ^JtU^Ail 

jjj La (^ JjJ^ U:J3 J 4-ajJilall .(AjjUj^I j AjJjaJlj 4jSjjl£jJI) aSLLU 
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.11.6j 10.5j 8.5j 6.5 







jaJI aJU U .^.j^iJI jA I4. 






.t4E5^ij»^( J ^Jc ^^ jlaj jJl Aijl 












^ qoaIa :3.2 Jj^l 












jjCj jxiUa (jjitu 
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II (^jjaJI JfrliJI Ji cjiuyLJl 10.2 Jli4ll 

^1 J ^'jjH ^Ji^l Cll^lLall JLaaloil jLoJ 48.2 JUall eLl*iaU U Us j I^jluL* 

{ 

(jjS Jjl»-» 11.2 Jli4ll 

jAil jj ijja AjJaS J jVl .(13.2 (J^l) J^' <^Li-<Li^ L?'^ Ji :<1Lma 

NaCl ^j^j KClj NaCl .^U ^ J-U 
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NaCl 
KCl 



NaCl 
AgN03 



.(JcUlLo 1 (j I I 4jjUai£ (jjUa.! (^jp^ '-r>'j^^ :13.2 J&ull 



Jl Jcliii J 4(±J\jJl LJJ^I 



NaCl(aq) + AgNOjCaq) NaNOjCaq) + AgCl(s) 

.Ajlcliij S - jU.!.. tUljJ) 



^) jiii) uL^j 3.5.2 

4^ jlaloll <Jitiu jjil J:?*^ '^-^ ^Ij^l ^ UJ^ Laljcj .A^ jlaloll 

jikiall jjiiall ^ 4ja (jjSj LjjJi (steady state) S jiu--]) ^JLaJl j 

Jj' L>*3^^ ^ AjjIj (Ia jjc. j (jSJiill (J.la-aj ^a^aJlj ■ ^1 j Sjl^pJl (_5l) 

lij .<jal jtjjjill jjj-sillj AjikSjlLi lilli ^^-j-^jj C^^. J J <iiila oIjjUj 

j1 iELtLa (jjSj 1 «g n; La j ejJ^Vl j ^^J^'^ QuUiW] t-U^ A-a jJalall Cj^L^ iLjjLLJ <£Lm 
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5JlaJl Cjl j 4-4 jliiJI La jJla-a ^1 Jill Aa. (jjSj |jj .4jjLu^ CjUaSUl j 

-5.5j 9.4-5.4j 8.3-4.3 s yunJ aJUJI ^ ^ .^lli^j .s Jl^\ 

.11.6j8.6-5.6j 10.5j6.5 

J (unsteady) s jSLoiJl jjc Ljajf (dynamic state) Sjjil»JI 5laJ)j 

.(>j]| jiii^l (JaVl ^ .i^l J jjila A-aji ajs jlijj ^jli ^yi, t(transient) SjjUJI 

Jil . AilLix ^1 Jill AaiS jjjSi t jjjal^la LiJ 3-a jiklall ^^l^Vl J (jJSjiill 

(iIj2>.Ij <^ jiaiall Aj«1u jj AjjL^Lk] (.^1) t_JLaJI ^1 Jill j\ (^jll) i—Li. j»^l Jill V 

9.3 2^li<ai 4> Sjjiiall ^1 ^ ,Jh^j .iU^VI jl 4jjljJI y^lxJ Jjii.1 t^l 

.9.6j 9.5-7.5j 10.4j4.4j 

(_^J ^ iill A Jiajll 0.^ all Ic. I JJjS IjUiitl SjJxla jl ^ Ja"...^ 5^ jialoll (jj^ -^-"^^ 

II djj !aj lil .(J al^ jl ^1 J Ml I— ila (_>iaij ^ (J^ti .Ia .-iViiiil l^J!iLi. 

jl dij^ ^(14.2 J^l) (^Uj^l L^l UjU-^ UU« ^ <Ja 




0.5 1.0 



.j^^Uj^l <_llill Kj1t=.' UU^n sJa.1 J Ajjla 4jJajj jjj :14.2 (Jiull 



(jl a ti_J_lfill (_3_a aj }Ji^^ UjUa2i uiVI J-l— ii ^ UK-j. nil ^ (JS (jal Jjj 

2 lU. a I iA ((_i_lill) A o jJiiall lil .<U£ ;_5.L<i LiLac. aLL^ '-■'■•-y-'l 

S J_^ J_S l.:_J 40.1-^1 jll 4jJa__ijl| slj_^i (_j 11 Cljiu Ijj jj^ .4lal£ J jL aJUjjui 

.s.la.1 jll 2 . -^yW ^Liit S jjilo 4JU. ^ i_ilall jjosu -lSJ^^ U^' j?-^ (>• lilii-0 
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II ^jS ^ JjL^ 12.2 JII4II 
.(11.2 JUl) i^UI (> ^ KCl J NaCl c j^ilii^ 2;> :^1ul. 

5JU. ^^ 4-0 jJilaJl Ja 4-0 jiilo j.L^V) ^ _JJ^ J- 4j«li jj3l 4jjL-aUJt 4jajill 

.iais KCl J NaCl J ©Lo <Jj t4j jau^ S-lj^l .1?. jj V 44jliill : JaJI 

(_5j3a-oJt (j1 j^yAi '^LojAVI ^_jjJa_^ 4j1o_)]I s^Loll ;_jXo (_jiE. dUaalll AjjIaajj tjjA-all AjLij 

^jIlaII SjLj 13.2 JUaJI 

diljjj] 6__>*ic (Jii/ii." 4iLi/i 4j«-oUJI |_jJ] ^ (jja. .iJaJI t_LiUall 4:^.1 jj Lo Ulc. :<iLuL» 
4jL^ Jjla-j 4jljS SjjjI 15 i^J^ (,S"^*"-5 j'"^^ .1^1 j3l 4liS (_^l->Ti ^^jll "[^Jdxoll 

Loj Jjlll j^l IjjjJj S>*^^J^' OiJ^' f'-^' ijj -^^O' <-S3sj -LS^J^' 

.lJjljL^io!)U jjjJaajllj iiiU 4jjj__>jJa 4 Ul j djljj^jjii-o (jx l^isljj 

(Jjjljjl 4(_jJ jVl 4jijai 4jl4j Jjl:»Jj .4j«-oUJI (JjS Lo^ljc 4jljS sjjjI 175 (ji 4iiS 

^aUiia (J jljj IjaL^ (_jJUjUj 'jijJ t— iiJ^I *L£I tjjjj^ (J-**:J ■^J^"''^ *_>y^ 15 ji.'l^ai 4jlj£ 

liiij (_jlc iiUaJI (jx j£-oj J 44JjS ejjj] 175 4j]jS tli^ilc. t4jjl!i]l 4jijai 4jlaj J jiaJ j 

.4*-UJI (> ^jaJS J aJj^I 

^)Jl1xj (Ja .^LojaV^ ^jj-ia^^ 4_ixjaijj]l 4_ii«aL^l 4Ii]j£ (j^J t4-a^jlaiAil ^ ^ ^1 

?4j«-oLaJI 1^ eJ J^J (J^il^ e jjiio ^! a jfi i ii n 4-o jA (Ja ^^.j^jVI 

.4.0 jkloll i J 

4jI^ .4JjS S jjjI 175 (j^ja. aJjS ^(^^l^iVI jJill) 4*^UJ1 JjjSII .lie 

^I^Vl oia >ll J] i j^j -Sii^ 190 4115S d^jl^ 
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' jjj ^J^^ e-^ (J^jLi O^jj^ o!^ 4j_ji-aJl <jL2ii JLaaiailj .^JajaJj L_ll^)Ajillj 

<Sj^| Jjij (jj tLoljin'x^ 'S?^' Aj]j£ (jl ^JJJ cLlLttC <ELaJ-a j.'ln.nj tIjJjS 

jja. 4jlj£ (^I^VI i-ijiJI) 5j«-<iUJI ^^ aIj^ XiC^ 4jlj£ i^Ju^j •LjJJ-l AjJaLljll AjjoijLi^j 

^1 jp ^1 (>aj«j Jcjau^ s jjjI 175 csjLi^ 1^1 t^l 4(^5jI^VI i-i 

J^j^. jj^ J ^\ ' > "ii.^ll (liU ^1 Jill t^Uj (jl^ Jjj c JjVl ^iio. J!lk Ali^l 

CLiI jjJ jjjxj 111 .SJjLoIo t_iic.Vl ^LojaVI ^ Ajloj^' ^-^^ 5i3jLJl eJ.l»lall 

(jjj ^^SjjUjj iA''\Y\^\ A \-\ I II jtLall 'LnjSlI (Jj^ dltj jliii (^jVl Aijjai 4_i^LiJI [^.ijxall 

4^ jIoIaII (-flnrtj (JjLual jJ^Vt j^uiu 4.5.2 

^1 ^sjJxlLa t a j^l I II n 4<lj^^u iA^ J^^) ^^^1 AlA^ • ^ ^.'^ ' "^t ^JalLall 

AjjjS ^ jjjSj jsj .(^Wjll Sr^l ^ d u^j 'AjixJl (conservation) 

.1^ (JjLlat JiaVI J^ub 4jaj£ j 4^ jiiiall ^ jj JjJl^ Axsa! AJ^\ SiLaVl 

CjU) jjll JU- ^ JjlUI 14.2 Jli*ll 
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JMjj .4-ajkuJI J^jfi i<iLi ^^JJ <_i jAi LaJiic :(!-15.2 J^l) ^JjSII ija^l 




.^jj ^ ysSlI Ajjlj- :i-15.2 Ji^ifl .^jj ^ :4i-15.2 Ji^l 

4iUa ^1 ^ ^ Ajjji^l ^SLkll JjaJS :(<_i-15.2 J^l) 
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^Lal3 ^ijiii'^ll (_5JLiJI JiiHj 4iL)al3 ^ Ji ^-sj if_^JJ Lail^ (j^ .aJ jj«-o JJC. 

cdljliltVI sIa e-Lu .(j.iVnil tljjl AiUa ^ Lr?JJ J cr^j ■ --iM' ^^'^ JJ^^ 

(jt Vj .SjsiuLa 1^ 4j| ojIajcI i^Vi^ «i! 4(jxjll ^ <a^)aJ (J.la-o '(^-Ij-o ^jjiaJI 

axij-.^sfi 4:iaUa ^ ij, ja. i-ijj^ AJiV ' "'^ j' - j^l^iiVlj ^^jj aSLL (^ji> 

j3) <j^Lt<ai. jjijJ tAAaaall ^ Liil j .s jjlc aJL^ <^ AjjJajS (JjJast jjli til 

.sjjIc 3JL^ Lti^ jjii^ L)J^ J ^ 

^ajota. 4iLkll J 4jjSJI (Jaj (jc 4jJ^ yial 44 j 3 jjjiL^I .Ajlo jll SXall j 

^Uallj till ^ «i I iij ^LuaVI ^jjJajxi A-ajJalall ' ""jj""' j .lAJji^ l-jjxJJ <-<ijlala]l ^jl 
A-ajXall dV^ljt-all AlOaJ "JJ-^ JjjJ ' ^ °' ^ JJ 4_a j^'--^ lilajjaj j 

JLloiUJI j CjVjI*^! lillj (.ball jlxj cjl jU^VI AiLual 44JLl«11 a^LJI 

JjJ^ La LJlc. J .4-0 jJaloll jJC. < _ -Ar'sW aLIS Ijiail jJ iSJ^ ij^^ 4jaljijall 

.4jT HI 4ji 4£^)a. 4 Jui'^lU 4-ojh"l<ill .IjAi. ^J-laj 

CjU Ji-fl*^! ^ dlJaJl 15.2 Jliall 

1^ LuillJ .4jjj)1i .-IT 11 Ij^A^I j^ht 1 ^ Loj^UI ^LuiC. ^)JC I'll'l^ nl ^ J-^ J^l :^JLuLa 
^ ^jUJI jjaJl 4jxiijlU 4j3Lii 4jjIjj^ 4iaji liUloJ 4jliJl *L3ic. (Ji.lj jjaJl ^jV J J-ijll 

-90mV jaj ls jLuj jLij^l 4^1 jll jjxS jiit 4jkJl ^jJjII .«LiiJI J ja. 
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liAj ilgio ^JJ-i iJjUjJ (JjlLa (Jilj ^jAuiljjJ ^^JjLuj ^ jjjjitjjj 

i^Ia&VI l^IiJLa! (>°J^ ^W^>4^^ i->l ja-v A\ V^Xaj (<l&.jLkJt I'll jn^ -~\\ ^jlaxJ L_Uuijj 

^j^2y^\ cjUjjS/ Ujjjoi liaii 4 (acetyl-choline ojij^ - Jjj^i^Vi Aai-axll 

' —65 mV cS jLui ^1 kfsal] 4jalja fUiiil jj^ Jj-aj '^1^ .^jliJI (Ja.1 J j> jiJCi jJI j 

^ijliika jjc (Jij Sxa J!ii. UK ^jUaSluil s.Lii]l ^ j 4(action potential) ili^i^ y 

ijlj^JIi (»J:J-^ dlljjjS/ Ajj jiill ^ 1 1 .^J 4<jUaiiui| f.\ mitII .laii LoAicj .'i^l j 

oIa (jl .(_jjuj!iljj «.LliJl _)JC. A 'it Mill ^jJJ (J*?^ l-» I'^J cl^jiajui Int'il AjliJI (Jkljl Jj <c.^>j^ 

jjc till jLiVI Jl-k^jj ^^Jc 0 J.1LJI diLj J-' ^-^1 (j><Kl ^^>»JI jJJ«jJI 6j.iL<JI 

(J .16.2 (J^l oif^l uj^^l NaVK"^ —31 ^-^.^^ ^ ^ J^b 

JjLj Jl AiLjal 40.1a.l J 4jj jji^ 4jk. jm^in (1) jJiiaJl J L-^jl (jiijisl j .Na"^/K"^ 
4jlaJI ^jLi- J c^ill jjaJI J Jij (jtj '(t-16.2 J^l) sL3iiJU iaja-i 4jlaJ| ^jU. 

AjkJl J djUjjVl jic jaI S ^ jV,\A\ jjl (j^ajjil j .LaLoj (iLiili 6JjLa.-<i 

SA^Ij dlLjjjf 4AjJa.a (jAiJaJJ (djj 4^j)ln'l<ill JjAa. (jl _^)jijclj .(lj— 16.2 (J£jji3l) Ajj j 1 1 r-it II 

.(cj-16.2 Ji^l) 

.5ili-4 1^1 jA jJiiaU 1 iiKij (Jjiiaal (jj^ lil .AAjjIa (_§!: 3-ajiala3l JjA^ lIiUjjVI JJa«J 
i^LiiA^il ^ jjJajM <JLui3l Ollauill Cllj CjIjjjVI ^L^^J^ Jj ' 

4 "l-. . iill J^l jl.:ia3l (JjJ 44-0 jkiJl (Ji.b Aja^l 4£ja. (>i:. JJj .Ajlclij*^/ 4-0 j]ilo]| (jjSj 
.ajflnin 3-0 jialoJI (jjSj lil . JljjjVl J Jl.iijVI (jjSjiill .ijc Ajoij 4-o jlaloll J Aja. j^l 
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^ jiJl J Ji.JI t^tii. Jxi. iiS]j£ A\<, n\j .JilLijl SJjilx-a aJjUJI Jjiij I^A J jA\ 

SAiAjill A^jaJI Aijsij Lai ' °^ -i- - liAj 4 JjijJ V (j1 Ujlio A^Jdj <Iaja-all 

(jjilll (jjjjaJI (jjj 4ja. 2 \^ JliijI Ja'nnl CjU jjVI Ai-jJaxi JJC. liA Am jiaiall J 

^jjjju if.\ mitIU 4 n' n\\ 4-a j^'mII JjAi. ^)J«J CjIjjjVI (jl l^jlaJj .^jli-j 4jliJI (Jilj ^ 

1 1 n I h (_gjaj j! Jjli CjliaJill jS/ 4jlc.lijV CJI jLo 4-aj}ni«ll jj! JJC. .4ji.jjia 4-0 _jlalall 
(jljaa 4jalstLaJl jjj-^all 4(J^ aJL^. ^ Aiu-^a^l UJ^ LoAatj .4jjLliijS Cl^IcUj SJajoil jj 

l^>Jaj J .4ja._j^l CIiUjjV l^LuijSlj 4-0 qm 4j^_ja3I ^ajjj_yb<a3l diU jj 

^ _jjJa 4jlojll f^\j .ojjila 4-o ^jJaiall jj^j c^^L^VI j ^^lij^l (jjSjla]! 

.4-0 jiuJI ^ 4ja. Llll I'. I 111! (.142 J) t-llLii ^1 JJ 4-oJ ijiLoiSiVI 
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A 1-> Ajkill AjJAxJI t_jLai:i. tji^j .AjliJI j^^'j^J Aja-iill jl^ CjUjjVI ^ 

.4^ jLt^i (jjjaL^l ^ jiJIj (Ji.JI <jailLall ^jjall Laii^ A^l jloll 

'J'in-'J'ou.='J'acc=0 

I'm = ^oul 

D.l^j ^^P-j ■<:ajJaAll (Ja.Jj ^^JjW 4j^_^l 1 " il W i nil jjl ^_jjc. aJjUlaII ajlA (J^ajj 

A£ja. j^h AjsjS (jc. SJjLall cjLo jkJt !ljJa VI V 1^1 ^ t AiShHj csjk^ aJjUJI 

.AjkJI siLit 1^ jJl CiUjjVI 

aJ^Ls-o (Jljii.1 ^ ^J:}^ 'j:!^^ J^J:J A-ajln'i<iH JjJ^ jjl^ (jl iJjSljll -^3^ 

LjLah AjLuxall Aj&jVI ^ dlfuaxil cijUjji |>jLuaj 16.2 Jliall 

^ L-lL^ajijj sJj^j^l "Lo^lj^l CLlL^jllL ^^j,^^^ (^jjjl^^l ' _ '1 ■ eAiL^aC 
A Unit ^>"JP AiVI ^] A-ajlsix Ac^jijiJ AjiAJ (—luiljj (J-*^ ^-^1 (_H^J^^ 

.AJl^iJl Ji! J^l .A^l jUl CjUjjIII 
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-17.2 cJ^l) i=Sa oyl ^1 . .il .^'i 4il 

(Ji-Ju V j»LojAVI ^ 4jstli jjll 4^UJ1 j! ^1 I jlkj j .4-o jliloll J jJla. jjc A-oJuik aJjS 
^ jpjj .4ili-o Am jiaiall jlfitl (jS-oJ tjaJjoi^l ^jLo]l (Jajllj l^io ^^>^ jlaloll 

4-oSljlo]l ojLoII ^ LuLlojS (Jtlajj toAij-ax]l CjUiJjl ^ ^^^^ (—LoijfLo - Lajja. 

.s jijjoLO i(; Lo IIAj c^l^Vl j Jilj*)/ 1 (jj3^)Jall (jjj <-o jh'iall Ji*^ ^ J 

4^1 Jill til .^jaJlj t>o l-iiaj 4Aijj*-o 4-ojiiloll (j! ijiijj 

Is jiluLO A-ojIsIaII ^jSijJ 
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^jj <M jiiia :i-17.2 (jLuJI 




L<LkJ (J-aa-i Jj.laJl JJ*J (_5i3l (^j*-^' (—bai^^l ^jV 4<i tlluijlj 4^:^. jVI jJaiall jjj 
^ j-o 4jlojll SAaII flil 5-0 jiilaJ) (>^j^l Ji^J •j'J'"'?^! (_^jLa3l JSilU 4-4jiala3l 

2JjIx^I -KL^j^ iiliijVI OJ^^ JLaaluil lij^ t;_Jji.Vl jxlaill ^ oUlxi La ji JC- (.^^ J 
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yjsUl-ail Jjiklui t^^^l L_LLulji3 Atjjoij CjUjjIII ^IjJj cr^-^' Cjijij Ijljj 

Cm* 4^jaio jjc. tjjlU l^jjj tSjiuslL oL^I J^JM jA 1^ <«jUll Cjlslja.)?! ^! gl 

In ■ II n J ^ jJjl ^tiij .il^luuVI ^ J* sjJ'^- ^J:!J '(J^J^' O^^J -^JJ^' t>»*-= «S_}l=ui <*jL> 

4 T 1 m jj (_^^)^ O^^)*^^ L5^^ ^jojjJJ ^1 tj^-aJ Aj£Lij A^Aaj jAj toAlx^axJl ^ ^^ljU,..l 

A^Sfl tiiLi^ij jjjUj jJI (> Alall 25 t> jjSI J VJ .(18.2 J^l) ^ jji- 

.4£aw3I t>.uajl j»*>^J*^ jj^'j^J'j UJJJi^' jsLia t^ K i nJ oiA A^l^^lj -tSji-t 

CjL^ yu ^jAi jliJij AjIIm : (Ja. AjjjVI j MjicSfl sjbj dial J i2003 

0^ f.li jjSj ji is.lcl J AjJ jVI ^Ijjll t4hj..n\l AjjjlaJI jIjVI (jiuu j»C.jjj 
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ialiaJVI J ^Ji ja1\ ^Jbut JUxlui) j^alla 6.2 

Cj^Aiui (JLutluU <uuai_^l i_ya\ jaJI Q^axJ i_lLui^ ' ."T^ '3.2 ^iaL&II eUuiU Lai Usj 

(^^JJ .ialiajVI 4jjlst^ (Jl nT'imlj iJ-^^J^ i— iL-^ia. (j^^ Ajl (jj^ ^ lAjjl j-all 

JLaajjoil 4j! jj ^j.^U. i-jLuraJ I^Ut'u.iI i—LiJ 4j.llx^l 4.2 

eJjl jll SIloVI ^Jia-al tpLkjl ^Jaij IginT'lml iLajb AJjLx-a Jl nir'l.iil ^j^oJ ^j! 1 j 

j-all JLaxlujI AjilS 4^-^ 7~3 J jA^aill ^ O^J^' ^aLoJA*^! ijL.-i'n 

jjc. aJjUJI j AiLball ^>jLJI jjc. (jU ^JjUoiJI Ja. ^ liijjL^j ^^LijJl lililjl^ 

.JiUajl AlAjui ^ AlAxji Cjjl^f il^ <aal jA a1Aiuc1\ AjIjS j ^ jJilall i-ijJ«J 



.JaliaJVI J ^J) g^Jl*- JUiu.1 :4.2 JjJaJI 
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4j^UJ IjiitjS ciS^lx^] jA (scalar equation) ^jAJI iIiVjI*-*!! 

(J£] t_jj£ja cSj' j^' f^j^' J <,r^^' H^j^' jlaiall ^ D^ja. 1 ji riir. n SI (>a J. .-iir. 

(JjLul^yi Zj yj X) ^UjI (-UjoiJ AjAji (JjVjIj" La^ 

(independent ^Ta'<M<fl i::iVjI*^1j •(^^JJ^I clii\^y\ ^^ (j) j 0j rj 

(jj^Jls" jAs^ 4J:>L!«-a <Jlul£ lij) LJak l^jJa*j qc A^i'unnW cLiVjUlJI ^ cquations) 

tj^J jlilall I—Ll^ j] CjV J-all J Aliill 4jjl ^ Cj'i/jU-a jj^ Ailji-o ojiiS ^1 jji 

AijUi-o m + 1 tli,ri-> m i-ili l)?-^ ilil .4jKJI aJjIU sia.lj iiUajl 

j>i (J^ 0^1 J I— iV ^ Ajjl AlAjua AjIjS tjl-iJj -IjItn SJiLaLo 5JjU^ m '-UjS Ajjl j-a 

SI eiA j>j .4jS£]I CjV ^ Ajjl A^Ajui U^J J^''^' I J'^'"-- H II 

1 g I <SLaJl J .Uiai. Ajalaui iafiS ^LSjU-a « iCj^ J^l <jjl ilS^Aiui Qji aJjU-s « + 1 

LLi)i yaWj AJj^I (jjili^l ^Ja^ A^j\ya AlAjua ^)iai5l (jJ^ 

t^Jjl jaJI ^LUI J i<^\ ^iUall :4jjVI (_k>I jiJS Aj^Lu iiliajl j! 4jjl A}±3ua j^J 

.^iLoui (J^ ^ SjIc. (J-aJtLai V l-4^i^ 

jjx (J^ sii.1 J 5Jjlj«-a J i^L^I AjjLjj^I 4 "l'. I iiSl ^XaLoi ialiaJl a}Ax^ kiC£ (j^J 

A^LuiII J _^l (jiiljlj^)^£SI ^jjTl^ niSI i^^Ajui ^jJa (j^^ ( 5 (JjL-aill 1^ A'vi\\ii\ Lai IsSj j . LiSa^ 

^LtaL, c^VjI*- lij^ Ajt5S lis .jUjVI Lu^ La^ cfjijil (»^jil J (^^-^St (^jSI U 
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<AjJaljj dll jUxJ Clll jjjAuiII ' ^ jp ^1 C^-^ cJ ' "j^ J- 11a ^ 1 I fi jt'i I III 

J j£<u ^1 ^L^UJl ^LjjJI cj^jUJl J JlkV cjLj=l Jial UL«lu,lj ^ cJd^j^ 
References 

1. Population Reference Bureau. «Population Reference Bureau.» 2004. <www.prb.org> . 

L. J«il (!) aJUJI ^tjSa J^.! 0- 1.2 

.^aJ^^oil cA^^^Iaxall ^^^^ i^^^^^^^l IdjL^Axjull ^^-^ ^^^ ^ ^\<-. # 

(Jlc. J Aiiyi ^1 jjf jjj La JjJ^ J / J <Jc;li[j ^Jc^ 4-a jJilall jl • 

.AjUyi 

.4jLa.yi Jlc ?4-a j^'-'l i_L-<a jl <lLl£j ^! AjLjalij ^Jjja. 4j.llj«-a J at'iiiiI t_LaJ Ja • 
.4jLa.VI Jk jh^il <Jiiij-a sjlji-all Ajali jjll Ajj-aUJI Ja • 
i^^lij^^ ^ ^^^ic A/uxj IIAj (SA^Ij ^^j^ ■ ^ ^W-j L>° ^A^^ UJ% iSJ&Lula) 

.(A-a jJilall 

e.ljjVlj j^:a.lj]l (jU^^jjill J^l .__>^VI (jlj__>jill J (_5jJ^I (j^^>*^' Ui^^)^-*^' 
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(Jjljjijll (jUjoiaJl ^ ikL (-Jail jjc fjfi^] ^ij^ ^^ S-^j5 .^jJSlI 

f.\ jJI jj^JJ -^IjiiJ .(JcUjII JLojSI A«j CjL^jlLa]! ^jaJjj 4(Jc.lij3l Jj- — • 

V J '(>j31 ^ jjijj V ^1 aJU. .j1 <LL a1\j^ J^>xlaiU ^1 

.Ij^l ^ ^ i'f ' LSJ^ ^jfluill aJjUu ^ti^ ' Clul J ^a.jniiill ^IjpJ 

JJC Na"*" j» CjUjjl liijaJj dlUjj! dl jjSj dlU I (_jJc. 4jLLSI ^Uic. 

<^]j C>° 5jliall (Jlilijl ^AAJ i^jxl\ A " (jljAi. ^ *JJJ^ s-IjA (j^ CjIjj^)^! 

^ ^-^■J-^ iSjIjail (J r-|-> nil! ^ 1 11-^ -iJ JJ *Ljjlj ''jJ_>^^ L>"^J^ 

(jiaj^ sjljaJI I I in^t i _ ll nit 1 (J.4jtluiJ ejljaJl A^jJ j*^ 'J^^)^ '^J-^ 

UJC'^ dljl J -'•^ ■ - ■ ■'■^ d^^^allall ib^i^^)^! ^.liL^a ^ jLuiJ jA J ^Lolt 



154 



^ jjLtl\ t_lla3l <jLaC ©LiSl liLjaJj] UI^J^' J S-"^' '^■^ Jxaluij 

(Jlij ^Jc AlUa (Ji.jS J .^Jl ^ (Jclia V (jlj-l?. OJW^ LlJ^a. ASsI Aj^U. 

ej ja. ^ aJVI iIuLI 4c1jULuJ1 ^liifj .aJ^I (_^) ^<j'l<;'- (J^j Sjja. 

.aJVI AjKJI ASiyi (_><akj Ajjl aJjUlx <ld J .AjjIj JjijJa <_i jjt j 

JjLJI j .(hypotonic) Ji jjII j hypertonic Ji jjII ^^Ix- 

oi^j .0.15M NaCl ^ (isotonic) JaJ^\ csjLAa j^aJI L^iU. ^^ t^'-^l 

^tiiijj i&LlI !>lcL^ L^iLiJI «.La]| (J^'^ ' JJ^' (_paiij-a (JjK «11 ^ l^j«jJaj (jJ^J .1^ nil fl^'ll 
AjLk 10^ lS Ji**^ ' "°l ■ t (; ■ ^» ; jW^' CJ^j L5-^J:J ^ '^J '<C.^>j-uJ 

4Ja:ijl Jx^iaJi V <ji u^jji\ . 0.05 M NaCl ^ *UJI .^=.1 j jiJ 

e jbj cjaalj j 4^^^ii!)lj]| j.<ul jj ja (poly lactic acid) (jJ^I o^a^ (i) 

(j! VI .(jLajVI (.Joia. ALUi. eJlLo AiLutiuil LjlU. <£jiJ^\ f.\ jjJI J cliill 

(^ii-all pH <jJa j"^!! Jxlc (jU t<jal£ Ac. AiaLrkll Aiklo (jJll tjJa-a:^. JjJ 

n • i-i't CLul J .A 1^;^ a\\ A-^ ni'iVI Ajil ;_5.ijJ t jit'ijui 

duaj AjaUiJl AiLio jjjlll (j^a^aa. La aJI jV (JjLJI (jSJJ J.l«-a .liiaal 

(jjlll (>ajjil J pH— J VI AjJs j^I (J.al£. jjiil V 

aJIoiVI (jC .(Jjjlj JjLoi] <^i=i-all tjajjll J.l«-a J tj^jjal J ttillj (jjiJ Jinlall 

. .IJalLall jjjlll (j'rifl't J (jjill (j^ifl't ^"ill ^ (J^ liil A^jjl-inil 

jj^j .pLaJI oalaj (_^ill j-JjJI (> sAjji Aljii jA (hydrogcl) ^^LJI pi^l (j) 

(_y<aiaja ifLaJI tji il- i i>j ^ 4i_iLi. jAj Vjt ("^^^^^l oj-^ '(jjljtj^l ^liiliVI (_5jaa-a 

Aj&Jajoi ' "'f '»l^l (>a ^>!^l^l (AcLui .(j^^l Aawj 1.^1. ^' -1 ^Lall 

aSIoiVI (jc- iLuLLajS (jjijJ sLaJI (j^L^I Aiia^XaJ .Ajjj jUuj 
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<.lfi! j^LJl <.LJU (j^liJl Uj] A^jjkJI 

l^ljaa J-i*^ L&«-4J JjUiilU S . uj J -ti iijjp liljk. ^^ .\aA^ 

liLlc tl^juiiaj jSluiJ Lajj^j .djjLaJI (_5iJI JjLJI (jc (_p>Jjajll Ajij UJLa. 

(J.la-a Al^aJj] <llj)\ ya AlAiua ~'(^ Cjjlj .Aj '"'J lS'^^ (J.i*^lj (JjLoJlj IaJjjjj 

.jj^ai-kill ^s-uia. ^ ^aJI jl-lLo JyAiJl] ^jj^j Clulj .4£.Lui ( i i r-^"l 

(ja Ulaja (Jjljuij t jJnniU /(JjVl (jj^^ Jajoiljl ^ajj ^Ifi-a s^>jjLi« .^lU.! Sj'.. „l .^jij ^jjjjj 
(JlSijl J.iji-4 jjij AjilS Aijji-4 S-l^Jtj "Ij • i^lj Ij.l (jl 7> "l^ll «.«— SAj IjjS jaJSa (A j^l 

.jiAj^ S-liil ^ijj in^'ll iJlL^LjaaJI j_jic. CjULjiaII jjjLuilo j XiiaJ ((_>^) 

sLiil jUil <Ljac AjjUaj^l cjUkjJl .lactate cliAj jjjj^l aijoiSI 

. 100 m ajsLoui (jUjoi 

t;_5jl jiJI Jiill tS^lU^ 4^Laii.l ^ i-JUa jA j tAijxJI ^ ^J*:J ('-^) 

<U.L^i*JI lj!>l:iJl f^^i^ '(_5ii^ S-La (_jJc. s-ltj] ^Jb«_all J^LaJI (_jic. 

jl Aj;i .-IT 11 (JLiaJI JjJa ^^^Ic tll^ jj^ '^J it^LLaiail .iLJl ^Ja.jUJI 

aJI jj- (^Wj*^ <-J^ SjLuVI Jaj <a.l4jj ilu! J .^La^l (_jJj SjUiyi 

cjUiiJl AijUa (nerve growth factor) (NGF) cjU^VI J-l^^ (ii) 
Ajjlic. cj| jiibj ' 1^1 CiA cjLiiijjJl (neurotrophin) <}j j^L^aaJI 
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.(jijS - i^xiiJj] jjl (cholinergic) ^jlll ^ ^ (trophic) 

^ . <1 , ^r-^\ A*jtl<J L^i ya^ ^jSs' .^Lo^l (j-OA^ Lli.1 ja. I^T I <1 Jj L_lL.^lC.Vl 

. 19.2 (JSjjill ^ 'J'^ Aio JajLoji« iJ^J ^-"^ (J^JJ AjL-a31 j 



350 g 




^ jIj- 12 g 
- 1400 g 



jl ^jL^ i_>/> 70 j 
L.200g 

.Jajo. jl» J ■ ^ CuijJaall J l^<M,;'...lj <jL^1 i J (lUll ^tij] :19.2 Ji*ifl 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, : jiv^l 
Heat, and Mass Transport Processes. New York: Marcel Dekker, 1976. 
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<.LJl o- 1200 J:i*^ JjjjJI j^^ ^ 4> 3.2 

^^)^ W^J^ Ojl^ ^-a^j AIijoij _)JC. «La 'LlAjJ 

J (_>:a jial jc. 1600 ^/J^^ JjJI ^^jJl ^ jj^ Ji«-a J j .<jll<JI 

■ i^VlJ.^ja jjjstjl La (^JJ^ Jjl^i :iLajj JjU. Jj-aaJ liLa .^jlcUiV (>t ^jlclijj 

jjj (Ll > 75) > 200) u^yi (> UJ^I JJ^^ Jj^ 4.2 

100) >kJl u- ^ 4j (^1 > 100) s^lj ^ JjlCj .(U > 225) 

JJ^j^ jsJiJ (_jic. J jljjj .(Lai jC. 40) ^-if?.J (Lai jC. 90) IjtlLa Jjjii. ((»l jC- 

50) >J1 a- oM^j > 150) LLLL.J (Ll j, 150) jj^j (U j, 350) 

djLiujjJI jj.a 2i\',i. A\ 4uutl^\ .'.Ijj'^ > 5.2 JjAaJI tlyJJj .(LaljC. 
>jl'-^' j^l ^^JJ C?^ (_L5ljLa J JjoiSJ Jl nit' ml liljll^lj .^iUall j CjtjJjA JJJ^I J 

70 lSjLoU *Lall Ajjoij J tAlall 30 jLjJ ^Luiall ^ 4;l.^ll ojLall <iuU Jl (_>:al JjsU (1) 
?Aa.lj ^jJ ^IsiiaJI qaJo «.Laj 4 j\i fi ojLa Qji eii-Ll La jl.lLa jA LaS tAj.all 
?(2.2 aJLuxJI) jajoi _^l (j^aiuill AijLjjJ LaJ <jjll.a A^iall sIa ' 
.^Uiia (JS (j.a 4 <'! ni nil LllljAiA jjj^lj jjjA Jlj (jjjj^)jll jj-a AjKll CjLal jill t u.i-^l (t—l) 
. JjSjll i>ja (_jic. »Lij j»L)«Ja ^ AilUI AiLkll i Jm-.! ((Jj) 

.cj|jA,Aj.j£31 ^ 4cal/g ^ ^UUt ^ SjsiLall <!j^l aSUJI (d.) 

(jaJj (jjjjjjll Jjiall JLa«ia.Li .ojjjjJl 4cal/gj ijjA.ill 9cal/gj 

JA.ill J jij jjjII t>a eja jlall ^SLkll i_Luia.l 4 ja. ^Uia ^ J J?-J^l J'^ -«J^' J 
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jjA AjaUa (jji Alal\ 15 iaui jiall ^^JJ^Vl (j^aiuill Jjllll . till jJjA jjj^l j 

(Jx^ La (jjlS .Cjl jJjA jJj^l AlaJt 45j jjA J (> aUI 40j 'jJJ JJ^\ 

.^L^\ sli^ ^ 





%)^(^)^ 




11 jjjall jjj AjLioJl 


La 








kcal/lOO g Jja^l Jji. 




kiA 


^1 




64 


14.9 


0.4 


0.3 




26 


3.9 


0.2 


2.2 




599 


1.0 


55.0 


25.0 




268 


49.8 


3.6 


9.0 




393 


1.7 


32.3 


23.9 




69 


4.9 


3.9 


3.5 


^.^1 l}J<l i-uk. 


396 


68.2 


7.4 


14.2 




50 


11.2 


0.2 


0.9 




340 


1.0 


31.0 


15.2 




85 


19.1 


0.1 


2.0 





Guyton AC and Hall JE, Textbook of Medical Physiology. Philadelphia: :<> AxuiiL. clliA\ * 



Saunders, 2000. 

(jjjj^l ^yk <Aa^\ *UJ) cjUJj .(^jj^ Jclia ^ (jjUlii ipu. 5.2 

J.ifcAj Ll^UJI (><i sol ^1^1 Jc-lLJI ^ '^^J 'OjJ:^" (^) 

J-l£ LLiiJI bLojj 25 g/L Lj^iUJl JjS J ^JjiJall .lOOg/L 
(NH4)2S04 -SI .1000Lc5jLy c^ill J^^UJI 

jjjjjll ^jj '^^^l 12 (J>« (jj^ y^-^-^l (J^l JJsIj (Jc-lLall ^ AjtjJaj 

.(NH4)2S04 -SI jA i^jll Oi^jJlnSI JA.^ Jj 
JcliaSI s jSixuJI yLaJI U^laJI jj^JJ jjll t j/i.nflll J n , ii'lSl pljSl (t-j) 

J O^Jial . 1000 L c£iSI JcUJI J-l£ L^liJI aLS , 20 g/L 

JcUJI t> ^ jij JiC t^jla^l _^l jLlJ J J iJcUJI Ja..i5 V 

J\ aJUjI (^iSI (^4)2804 -SI aLS tia^ .20L/day 
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ifjJL^jJ^i^] ^jj ^J^l 12 UJ^^ liyLaJI [jl ^jlalj^aU (JtlLall 
.(NH4)2S04 -11 JA ^jll Ui^jjifi^l 
J t nr. (jj^jjpjjJI Jjjj J I II nil (Jjir ni'iil j LllLia.j]l <aj^>]aj (Jjt nnll *Uj| ^(Jjj 

. JtlLJI Jck^l Jia. jjjjjll <la]l ^ 20 Ujl.^ ojLij Aji 

QA (_jjjVl (_gj)"'liiinll ;_aj*Jj .(jjiuu ^iUallj J n") i ii n jIaJ ^1 ^jLuuVI ^>J^ ^^^^^ 6.2 
aUmiiVI ^JlC iiUaJI j ^.ii->1I Clj^^lclij J J CSJJ>-»^I ^ILkll 

^ j= ji^i lij Ajl .(basal metabolic rate BMR) <^U.Vl M^iiix-VI 

(j^aii_,i]| (_j^>i^ tLlkjajjj .AjsLiaj AiUa JJ3 jj ^-l^J i(_5J.i.A]l j J^Vl (Ji« Jl-ac! 

(> ^jJl ^iLUl ^j^>^ uj^j •2750kcal/day ^JajiiVb ^jL 

^(220kcal) (.UJnll ^^^uVl J:i*-1 '^S^\ ^ilUall 

AiaiijVlj 4(190 kcal) ^Hi^ti sjja. A^jJl iilisJI Jjji t> JJC ^iaJijVlj 

.(690kcal) ^iii^l jtH\ ^ j^l 

.^1 jJI ijj^ JjaJU SjJlLi 5jLa.y| iac! ^jJaj ^liHU j ^i- .^.^ A^j^lll 

. 7000 kcal jJl aSLUI j^x^ Jj J iiiiill ^^Lijll ai^>-jiJ (v) 

.^1 jll (jiiiU JjaJU Sjila ^W-VI iac! . jJJ-jll 

0.24 |ag jjaj (jl (jlxy jjj^l (j' UAH ~1.2 7.2 

I— L^iyini'il CjULc. ■4j.<i 0. 11 |a,g Jjjj '^Lo.JI -Lixjj ujL^jC-VI J.ol£. QA 

.Sj^ jjc cjLkjl jp i-Uioij 0.023 |ag j 

.ij^iiJI ^y!> La .L_lL-aC.Vl J-aj tJ-oLxJ <LLS Ajjl ja '^Ajla l_Jj£l (!) 

SaJI U ?^LaJ ^ t_iL^Vl >4j J^U ^1 J5 jA La .2.0ng/mL 
^sJ^\ Jl (1400 cm^ c?J^! 14'^) t^^^ '-^^ ^>^' 
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LaS 4^iJ-uJl liSli die. JJ_>a31 lluuJaj Ijj .(400 Cm'' IjJJij 'LaajL t^jLaU 

?5.0ng/mL ^1 jjSjill J_^j3 a^j^jUI saJI ^ 

.f.Li A£.jjJsjja \ ^'Or.la Ajiij-iaa AjlajJu (JUtjilj VIjVI AjCAiill" j:^] 8.2 

^ 1 •■<! . .. pLall j'l I II n (jjSj (jl .Ji^aajjoi La _^)]ajjlj ^-^1-^ J (lULj AjLAjjill JaC-j 

1 iirni jl (ilia I— IjlUollj .iJaJill c.likjl jj^ ^jJal j jaj (_jJc. jjl >.1->Jj 4<jIAj1I 

jjijll ^ jj jiilall CjLkjoi yol LxjIj jj *UVI *L<JI ^lijjl ^ ^^Kll Jjijll Li-a£ 

(JjUajoi j<aJ Ujtj jj ^La3l AjiijjJjoi (jill jIjLJLj UaS Uui^liA ja.! (1) 

1.0 (^jLoU «.Li]l ^lijjl (jl (_5-ix-AJ cjUj! (jjj f-Lall ^lijjl iaci .AjijiLuV' A-ajlilall 

:^^L L> diuUl .Ujli (jl^ lij O.Oj cpLalU l^j 

.pLaJI ^liajl jl^lLo .liaj ^1 <UjiLuV| <-« jlaiall CjLkiii jA lijJ«J • 
1 J-^ ^ 1 n LaJjSJ -^1 (jfli ^ .<iLa]l ^liijj^i A Ajjiij^I t—lUjoiVl l"llj.>i^)aj A^\l • 

^lijjVI Jjiu jJJ i=»JJJ J^V' tfJc ^Lu Jaij LuLu ^ j j^ajll .A^LoiVl 

jAill liS jLi lAia. ?4J jSa-a ^tij iik.i jaj <^Iac! Ja .<ikj jxj ^ liajfi • 



161 



162 



^ ialiaJI - 3 



liA^ jaljaJlj oil jfcV) 1.3 

l^j^ ■ ^ lilfiaJ aH^I ialiijl J J- j;;^"' • 

JjS t-jLaia. jja. SLU link; iiUaJVI C^^Ajl^ tJJjki t_u^ JjLu • 

I .^^J^yLa ^Lwjl jljo^l A-ifljSj t ^ ^ ^jjjLujI ^^^i-Qj ^,'vT„.ft • 

.l1iIa^j31 sJ.ial<i ^liaj ^ (J-oUjII (JaJ jj-o ^J^' ^J-^ • 



4^a^^t 1.1,3 

- ■ ■■■^ ^1 l^jlLal (j-aj cAjjj^ AjjIj-ojSj AjjLlojS (JLl^IcUj ^ " ■ jxlaill ^ 1.1^. Aj«jLi 
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(National ^jkll (ajSjaxiVi) aj-ojSII c±s\c\ tjj^AUl jjall oLmjL^ j^l J <^ 
:l jAaj Iaj^ LuJa !i4a. LjAJoi J 6 >a jj Scicnce Foundation - NSF) 

(JjI^ jjjkj J 44jLiaJj<aJl J 4 njjUll ClLyil]! ^-nl.iiI ^ Ajiiia j]l - ^jjjJI ujlSiUi] ^ jA ja. 
I jjiiS ^joi jj J 4t_ajjajll 1^ (JjS (_g-<uaij JJC. jaj ^_jic. Ijja. ya 4.ajaijVl 4 i n ViA (Ji^ JiJ 

j( A^j)-!tjni\l jl clljljaJI jl (j^l^Vl < .'.''III Ajjtlall jl oJjsLall (jLuiiVI 'tauaijl (Jl In i nl j ^J^JP 

i (molecular biology) ajjj^JI CiliijiJI ^Jt j c(cell biology) ajj^sJI L^iiJI ^Jt 

^jJaJ ^''il . ^1 . ^'-t-Vfl .^Anlla (JxC (JJ^ Ulc. ^^^1 lSJ.'^''^^ ' . 'I^'jj .AjiijJj^l 2 ,„N.^\lj 

.(^l^V) (_ja^ (_^j£aJI (_p3^ Cjl^^jajj iJ^jL-^iaII (_).<iXJjalJj LjjL^ JjjaUj g-HJ 

^xsaS/I t>o ejJjS ^J-^ (.ff^ 4-% iniVl 4jai^ (JJJ^ t>> LjjjLiaiil j 
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dljj Jl.Ajlail AjiaC Lljioi o-lilall CjLlV jll j ^' ■'' 200 000 (j-a JJ^l ^jJaijj 

jl ■ " jjc. LaljLjll ^Jjjj lillj J •ejJai ^ -^j'"' Lijiui (jiaj^ 800 000 

tAjtjLllI Cjlf-lj^yi (j-aj .^_^<ihirll jaJxiajlt 'SjV^ tJ^) ^^^^ '^J '(»^ JJC- 

-J^ ■ JJC. ^cJjoij (JljALaiV (_)^J/<JI ;j/<i ^ -J^"' ^ (Ji nr'iiiil^ \'' ^"'^^ (J^ i nl 

A:ajLiij1 (JlAjiuiV iljllc (— LLo i^jiaLa Ajajuii (JLajtluil) ^^jjoll ^jJaJaill j! i^AjL-a-a Ailaia ^^3 
.(^_^ljj|j ^iL^^aJI (jLa <jj.l*-a Cjltjjj^^ AjJjSjJ jl_j.a jl ^ (2 \\ • ^ ^ Ailalo ^ A-ajLoi jJC. 
.i_jA*JI (jir'n IjJjaj lig^i^'l tAj-alaC. La jxJa Lljiuj (_paJjx 500 000 (j^a ^p^l ^_^ia*Jj 

jl^jj La Lill^j ^'v/'"' ^ ^ ^ \ i /jl >'Qa < /j^ j . II \ La Ij]!^-^ t*^_uL^ A-ltlia 

lillj (jl il t(j-ajll (j-a oA« A«J jjAjGj jl Lljjij ^Al^ (.5-^' AjJaiiLiJI j dlcjjj-all 

4-a_^J ^AaA^fl oJjAui ojALaball Ajjjjll ^Ua*JI ^^jui!iLij (jJJ^ 'JJJi^ olSLa^ ^jU',,,'. ^ j( 

•^jj^' J f'JJf-lajlL 4jjjLall CjlAiaajll 

(J .-I'll I ■-i-'i ^■^J n I .-1' (j^a (jjiiiVlj; flll (j^-aJ Clil j-ajljJI ?.Lij CjLiJ (j-a ^jjljll (_iila]l (jV S^lj l^Lb 

(jc (jlajjajll <!«Jaa31 ' ,A<i'\\ J.lta (_jJI AiLjal 4<iu«-a AjSjjlSxa j AjjLiaiS 

^iaC gjm'l i_JjSjp (^J^ JJ3^^ ^>^J^^^ liKiij 4(J-aaJl (_jJc J jSLaJl ^JajtJI ejjLa 

(j*) VITOSS <±«iaC. I ' il . '— Jj*"' (J at"! I in ieJjJ^ jUi. jLLii.U (jjaaiUll jl jaLoiI ^ 

Ig.^'^jj Ljja. c^Kia Jlla jA VITOSS uj -(Orthovita, Malvern, PA a<.j^\ 

,Aj^^\ (jj^j^jj t^alaaJl (J^aIuj ASn jjjijj tc.AuJa.ail ^aJaxJl ^-a (Jj^^a^l ^a-ui^l 

lilLoLi .^ijataJl ^\ A 1 ,01 nil Cjalb ^1 Ajj.la-all j| jaII t_lAjj t^Tjilnll ^jiixJl jj e^ltj 

(j<a 4j_jjLj i ' li nVi (j^a LlLaC (jjSjJj tUjJ^ '"^^^'"'J (^^1 .J^J^^^ VITOSS 51 
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(jJjSj oJIcV '^^^^ ^^ni'tjj iil£ajll (^JJ^ J^Ji (J^Ai '(J^l <Ji^" (.S^ .^UaaiJI 

4 jpl£jJl ojIjV ^joiaJI ^ Ajfl'n (J<al jc ^jm r-i ^>ai1 ^>«J ^ -Wi^ (— ijC.^)a1I ^jaaiuill 

jl 4 liKijj jjll (ji^ J .Aj.^ila]l JJC liiLiJI sljjl jIxjVI (jj^^ 

CS^jj L>* '-^Ji^ J -^l ><J' ^JcLi. JJ_><J' III ill ^ AjC. jVI JIoJj ii_yalaj 

.^l..oVl (^ia-ail ^Uiiill (^ijia jllj 

tllll jLo Cljlf.lja.VI oiA VI 4(_JJ»2jJI ^ajoiaJI ^ AjjjSjj <JjJ^ jI jjh sJc Jl nir'iiiil jljsl iJJ^ 
(JmIjJ ij tAjlUJl CjLjlSill AjUS ^1 1 >i'l ojLij ^ J .(^Jall jLui-VI Aii-J-a 

4->..riS?l c^J^ S^^^UIl CjljLrkll ,1^ j-iluu tAjjllall 4ja_uijS/l Jl.lujaiV Aajj^jjll AjjJ:iJl jl _j^l 
t'll I'ljirll jjLiJ (_jic «.L<il»Jlj (jjinViig <ill ojJlLa ^_jic. ojSllixJI Ajlilll silA -^-"^iJj -^J^JJ^^J 

«. jjJall AiiVI AaJ^iUI JaLaiJ ^jmiil ^JA JjIaJI - ■ -^^7- 1 jj ^^1 4ajSjll 

:<aaIuJI 3-% Mi^Vl i_yia^ LlLlai AjuJaJ 
^jjp tAjj-uLuVl ^UaaJI (jJjSi ji «^1'it1 J' ^ A:a.l:i. kJj :Hyu» Sj&li • 

. j^l jcj Lj^AiJI 

t4->iiriVl jJjSijj li^^lail ~; jxj : JjJjll ^ ^^jll ^ Ji) dijS^ * 

.AjLoVI AjiuouVI (^S^ l^lAxi ^Jl laajj AjjJiJI o^iLall l_1C j'uin i_Laj 
j| jaII Jj^ j (jxuJaJ (_5^l - ■ "-^ II LS'^ C5^' A-SjoljVl (jl ■ ^ . ..Xfl ^jljJJ • 

(j^^lj^l Jl jLa <jl VI i^jjJI JiUaiJ 5^j!ill S'.j^.^il Ajjj^I AjjIj-oj^II 

~; II 4ja. j]| (_jJc AjauuuVl J-uJ 

.Ajoij iiiaJI ^JijJl J^*^ sJlLaJl liKiS j! t_Laj JjXA • 

^-j;^^l OJ^' Jjg ■ ■■"'^ Aj-<Ja*]l ojLall (jl (_Lij :Aj%jI£j^1 (j^l jaJl • 

.AjL<aVl AauuijVl <_jic. Ljjj^i (.^kj (^1 ij jail c^«>^ (,5^ j-^ ^J^J '^^?--^ 

Jai eJj j^ Vl '/-^jj 4(jiaJj<JI AjjjaJI j| j<JI gjl jj C^^^ Vl '/^-j :A5t4<u4ll • 
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^ ei* lila-JI CllUiaj ^Utll pLaj! ^JlA ^ i— il i ki i /^■^'■iW oJ-iala (jjS 4^ 

Cli)i.AjLja (JLutAul 4jQJ^ (J I r-^<ll 11a ^ (jlajt'inruii .4-% ui'^Vl A m.Vlft 4 jVl't 

2L.iiA J .2 1.3 J 19.3 J 6.3 ^^l-Vl (JiJI j^ijSil AiSSlI JiUaJlj iijj- 

dlli j<aJl aJjIsix (jjjln"! <L^>]a Jjij SjjLlojS CLL^ltliii (j.<uJaJj ^-.hill j cCjI^jllj 

.o^yilall ^Jiill CjVjIx-»1I JUVu.il AjiiS clttf^ ''j#=>-' -^i^' 

4iUallj (5 lUsII) ^j^Lfj*^! ^UJI iijj- AiLjal ^(6 (4 J.-^l) 

.(6 J^l) ^■<;-'<j-" 

All^ V^Lu.Sfl ^Ua]) 2.3 

(m[M]) AUSi) J ." JjJIj 4Jj£31 " jjjiAiLoiVl jjjjilall 5Jsiuil jj s^LJI JjLi ijc Juu 

lj\ i_L.^ XlAJ 'c^j ji, («[N]) J>»2Ij -(^^1 JiaJI Ujj C> 

(^jiJI Ojji' cSjL-"J j»l >iW jAj ' J.^nll lillj t> ojj 6.02x10^^ 

aJjS S.la.j 32.0 i^J^-^ O2 [jj"> I ii^t ^jjj_^aJl (jjjll '(Jlfiall (Jif" (.5^ . ji ^-I'ltti 

Jjx O2 ujauoiSi fL^j^ 6.02x10^^ 5Ji .(atomic mass unit - amu) 
(g) ^\jitl\ ajljUjII Aii^l cJi2^jj .32.0g c5 jLi^ ^^-^ '^^ij^JI 
g-mol Jj-il 4^ A*jL3ill J_^l .Ib^ sjiilll j (kg) jlAll j 

. Ib^ - mol L^jjjJil J (mol S-ilt s^j) 
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• Ibj^/lb^ -mol J g/mol ^^ ^juUJI ajj^-jj i[MN '] ja uJj^' -^j 

.^U*i3 4jljjaJI (jt jjVl ^Jc (dj tjaJJI) (^JjJ JjisJI i^J^J 

(jl i^illo ^(j^ajjal .(>ijll c> (flow rate) (jaUil Jjst« >. "i.^jj 

jjal\ iJllV-llj" ^J-ia _p .AcLui (JS Ajiklo jJstJ sjLoll Qja 25 L (_5 ja^l (j^ A nr n 

J^j t^n^'.ll (jSJiill Jjla-oj '(^^Ij^l (JSJjII :^Jfi^] jjl ^j!il!u JiUaJVI J 

m=Avp (2-2.3) 

A=-D^ = nr^ (3-2.3) 
4 

.ejLa i-L^ rj t5 j?^' jJas jA D jl iiija. 



y=Av=— (4-2.3) 
P 

Ojo^ 1.3 jii4ii 

(jjiUa (_J Jjjtj (jl (JLaaiuiU ^ jJa^)^ (JjLlu AiljS '^'>'ll AAl^jia ^JJSl :4jLuL» 

:4-2.3 AijUJl e.ilcLi JjLJI AiliiS jj^sj : JaJI 



"=7 
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jiUjV (js^l J«T-uin ^ .51^1 0:1- <^ ^J^l <^ tjli^l (ia^l 

■ .(p = m/V <JjU^I 

m ^1 <^ j^^ (n[Nt~']) ^>4ll jaUJl Jjx- J j^l 

/i=— (5-2.3) 
M 

lA^la.! ^yij JJjt 4j^J^ -^-^^ L)^J ^ _jiai<Jt ^ Cjl jjiiaJl (jjj <£5lsiJI s._^l ^^ij jjl ^.^-all 

(jsjj J^^x-oj lilj^ p AiljS li ^iULoi (j! (_H=Jlal .AjjIj (_s ji-Vl CjI jjiiJI LiiLI lil 2-2.3 

^ .(JjLjJI (jSJj jLuia J jia (_^ic. sjjiio ^ljJa^)*JI Ajtiaixi j_g ^)JC. dulj W (,5^^ 

lil .tLlj m slLj (J^i •<iajj jLoix JjL JjLJI JJ*JJ s-^ 4AJUJI eiA 

J^U 2-2.3 yjUxlt AjtSS 

m = jiTq^Vq p (6-2.3) 



m =7ir>ip = ;i| — I Vip = ^r>ip (7-2.3) 



f llj (Ja.! (j* J .dll^ j'-^^^ (JjLuill <C^^ jIjJj (j! L-laj 4(jj!ljlj p J fh ii^ 

(JjLuill .ibjp (jl ' '-^J " "°' ^'^1 (_5ja-a]| jlaS ■ (J^JSj ^ tjjlj (_5Jj^l (jSJjll 

: 6-2.3 4(r2 =2ro) jl^Sll 

m = 7ir/v2 p = 7i(2r„ ) V2P = 47ir()^V2P (8-2.3) 
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.(vj = Vo/4 (^^) 4jjt4iVl ajc. jiu. t> cjl 

f Icj <Jj*2aj 2.3 Jli»ll 

(jjjI^jjoJI jjlj^ j_jic. AaiAJ L_Lu:ljj ^^Tl ejjlai. ^JLa. jA i .-i' I^JLulA 

ISj'i^J c^^l (3^.^: ' ^ ^ ^"'J 'UjA^I S^Ax^axJI A^Lojaj ■^Li.^jl .diL^jI sAix^aC. 

La liAj t^Lo^l J (jiijjll J S-llaJt JSiil -1 1 — Cjl jaJjj s^^aJ) dja JAJ I i) sjjIaiJI jj-o 

(jjli .Alall <_5i 25 J Ar. jjoi j jl.^ U^>^' j La HAj 

jl£ IjU .(_^U-<i (j-ai^ lillii (j^ajj-oll li^ cr?-Ljll (jLj^ill ^ ^h'sil ^j^ill 

(_^jLjiJ ?_^)Jaa]| (_Hal4j jjii. (jSJj <Cjiji jA LaS ' jj' ■'^^ iS'^ Ajoiii j^^j^l (jS-^l 

'6.4cm/sAja t^ajj jA«-a csjUiUj ^ 2.5 mm ^^l*- ^^Ij uWj^ cs^j^I 

.1.056 g/cm^ j»:JI ^J jLuj 

4^1 III « (Jl mr"! I III \ '"'^ 'J ^^"'Ij^—I i_J jjjL ^Ij^^l ^.Lojj Uj| ^1 \jla^ I^J^I 

ij^^Jj^l t^ajoll (jEia-o jjli 4^uLill '-^ cs^ -2-2.3 aJjUJI ^^i csjj'-^ ^^'^j^ 

m = Avp = ^D'vp = ^(0.25 cmf|^6.4^ Jl.056-^j = 0.332^ 

■ 4.8 cm/s ^ijj.^ Alall ^ 25 J-ilaj (i^-ii ^ ^j^aiiju J 1 0.825 mm j^i.^ ^LJI 

4ji OaJ t^Lill (>aJ>*^' J^^ "-S^-^' '-'■^ t-lLuiaJ 2-2.3 5J.:L«-a]| J nr'u.L 

jUjii jjc ^.ill ^^ajj iasa Alall 8 cS jLoiJ Jjia liA J 4 0.027 g/s jLoLl 

4jLa. ^uLi cjLl^ 4^ ^JLSl\ (J2Jj31 J.la-a ,_jJc JiUaJ] 4_o_pUl Ac^l t_iLuiaJ 

8-2.3 jUu - J jiaSlI 
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4 


[^0.332^^ 


1 


71 (0.0825 


cmf 





4m 



J.i«-a j! (oV J J^iLi jA (basis of calculation) t-iLuiaJl ^jAjJj .^Lu J^Uj 

(JjJaLall ^.43 t^jLjui f_y3j ^ (^J^' J ^Ji) jjaHll j!lx^ JlJLi-o jl^ cT^^ 

jjx (_>jijJa 4!)Ua Jjk .ia ^jalj J.111.X1 jl jl.iL<i Lair^. j .'LjLJ jl.iL<Jl lilli Jl n->'\<«\ 

(J^ jl J HI'. IL ^ I'l « n <SLuKi (_><aj (^-^3- (J*^ ijj -o-^-^^-" j>J^ 1-4-1 ' ' ' I "jl 

(_Vialjjal <4!lc 4L1 jla-» ^3^-^ <-]-^ J iJ^ fl '^j -1 ngjK (^1 jt aJLlsU ti^^ 

131 4 .jiLojAVI ^ Jl _j-<i jlalall ^ ^'^^ " jlij jl jjj^^ La tJ^Si J.lx.<i jl jl.lLa ikU A-ojS 

> J mill lIuIS lilj .LajLl-o l—JjSjjJI (jj^ '— <-<i_jialall ^j^a »_)^ (3^-^ (J.l3«-a jl ljl.lLa ijjS^I 

(jjljl (lOOkg/hr } 100 kg ka) ^ ^jsii J aJS jLkl .Aijj*^ 

.(lOOmol/hr J 100 mol Slla) 
O-Lui^l AjJa^i 3.3 Jli»JI 

jtiij Ii3 .1 jUill lOOg/hr sjjia ^ (jaji J:i*- J A-jJilaJl ^ :JaJI 

(jajci ^^-^ AiLiaj t3 J 2 uJjLiill tja^ (^-^ -^W^V I 4^ jhiMl lOOg/hr (_>uLiiVl 
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JLaaloil ^jU'uii^ I jj . 1 jLjjJI 1^ A L_^J^ tjaJiill (^^^ 'H ^ J 

.(_Sja.Vl CjljLuaJI 2^^^ 1 jLiill 4^ A i-kjJli (_>^UJI 1 g/s t3^Jjll 

Jjiui (_jic. .LuiUj (jjSJ iLa^jK V 4 jJjLull ^1 J^^l 1 •»•<< -J J t3j 1 jJjljjli eUaji-o 

LijLji-a 3 jLiil] ^33^1 (jj^ r'n'. J LiiiiLuil ljUl iV.I L_ajxj (jl i Vi^<ij cjlj-all 

Uul Uj^j -5 Ib^/hr LjLa^ 3 ^ A ^32^ Oj^ .lOlb^/hr 

jUiU lOOlb^/hr c?jU^ LU jtiiJ J 

.(_1jj1Ju (J/olstJ ^tiill jjijy^aj jl JJJ^ 



100 gto 



A ® 






B * 

B ® , 




® 






g/s 




® 






B (D , 




® 











(D 
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tmj^ —J ^"j^--" Ji\ ■i^J j\\ ci^ .2.3 4^ S-j^'--" c>'^ -(o-^' 




5jJI >. ^jUaJ JjIu :2.3 JS^I 

jjjlia (jjSj Laij^ AjjJaJI jxll (j^-oJj jjLjijiJI jjA 10 kg) 

^.n-^o.+^,e„-^cons=^acc (1-3-3) 

^^,=Yf-*Po (2-3.3) 

.CjI jjjtlall l-jjjLxJ ^j«Ji.lj.aJ 1.4.2 ,*JaLi]l j}aj\ 
jjkj JaJ 4^ ^jaLjjll Ajx^UJI Jl.ljiail jLoJ tl-3.3 <-«UJI <j Jl_^l 5J.lls«-a (JJjiaJ jJa. 

4m AjjLja.jSll Ajir^Ull L-iLuiaj ^Liall jja. 4JII4II Jj^ .(np) ^>x^»jc j-o J t(ns) 

:l-3.3 ^JjU-all ^Li.^ 
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Em, -Em, +Em^,„-Em_ (3-3.3) 

! J 

: 1-3.3 y^Uxll ^1.^' i^La jJiiall (JjV J- <.1jVU. 
Z«.-Z^+Z«ge„-E«cons=<S (4-3.3) 

.4-3.3j 3-3.3 (jd^.:U-Jl <^Lla Aijiaj j.^V- J c^)^ ^"^J- J ' J' ^ J 

•[N]j [M] aJjJIj 2Ljj±sJl AjjIjJl ^jiU- 1^ U 

*m - *out + *ge„ - 'j'cons = ^acc = ^ (5-3.3) 
J:dus1\ 4jL oAi. ^\JA\ ^ jjc. Jojj .tllljjilall cjjjlsu 4jta.l^ 2.4.2 ^UinW 
5-3.3 5JjI«-<JI ^^ ^»-uta. j! jja. iA-ojiilaU Ajj^UJl jjijl 

A^jUil J ^LijikiJl Ji\ sJjl j31 ejUl ^3315 Wi jTjj, (jl.lsJI U .C^j^x^ 

.4-0 J 1^1 nil .i J.^ ^>JC 

5-3.3 aJjUJI 4^ jJiLJl iUs^l J:i*- Ja.! j> 
Zm,. -^m, +Em,,„-Xm_ =mr =^ (6-3.3) 

jl t ji.^'ir- ■aJjS jl '(JJii?. (JjbL.0 (j.<uJaJj jjajj Ljajl 5~3.3 aJjI*^! (j£-aJj 

•[Nt"^] J [Mt"^] ^jlj-llj AjLiUill A^Jjxl] ^A*^ Ijtaj 

(jjLllaaJ Ql^ ^ J.^)^^ ( t >l■^ LS^}i^ S^li Cllti A-lLal£jll Ajjl j^l aJ^Ia-o Lai 
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^K^'^'^K ^^=L„^acc^^ (7-3.3) 
.dlljjilall l_jjjUj (Ja.1 (jx 3.4.2 ^iaLall j^a^ 

7-3.3 aJjUJI ^ m ^ .k, .^^ jll- 



r'f am ' , 

dt 

•"'o dt 



(8-3.3) 



l.l*J Lai .8-3.3 A^Liui AiljiaJ j' CjV J- J.la-o j! djV J.l«-a J dlV 

.[N] J [M] aJjJIj aJsIII AjjljJl ^jU- 

(jjSi 113 cl^Ual jl 2LjK3l aISSII jL^ V <i1 <-k4! -J^^I uj^l^ J >^ 

.iJ Jjll t^ia. tL<lj3 jaJULJJ <2 Ua^-^^ <jK11 2h<\l jjl Jj I jiij J .(^ J. A£.Jjji Cj 

. j,^! ^V>*j J AJiil 4li£2t uluiA. <iU, ^ 

1-3.3 2L.UJt 4jj±sJI aJjUJI ^LLuiLij *il3j ^L^^jV 

^in-^out=^acc (9-3.3) 

■ m,m^,n^iSj^ 9-3.3 4JjI*x3I ci«ia4 
AjLiUill Ai^U JiUaJVl aJjU- <_i5SS Jjc Ji^j 
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vp -vp =vp = (10-3.3) 

dt 

f ' dt - j^'' "V^^^ dt = j-' ^dt = jj' d'i' 

= J''^,,,Jr (11-3.3) 

m,m^,m^,n,n^,n^c^')l^\ c> ^ Ja^ 'll-3.3j 10-3.3 jiiJjl*JI 

^ 4* L^! ^2UU«jS Cx^\^ ^ U .AjkUJiUl ^1 4^ lK- 

■ m,m^,n^iSy^ ll-3.3j 10-3.3 jii3jL«-<JI 

AjKII 2Jj£]| j j,.^iirll ClV >« J aJj^ OUjl ^ JiliijVl CllV^lx^ JLutiuil (jS-oJ 
AiSS CjUjI ^^ iiliaJVI CjV.il*- JL«iuil j£aj J .^luLloj^I Ca:i(x.lijll J jjc. 

AJjUa Jjjkj (IjIajj .UjV>ailj Aii^l JjIoj ^^aaI LuIj ^Jl>ail JLutluit 

^1 ^ iiUaJVI cjVjU- JL«la.l UtJS CjVUJI 1.3 Jj^l -CHy^S^ ^ 



JaJl (>-aJ ^jSjaJl ^Uj^I 4.3 JUaII 

(Acetobacter JaJl ^1 JT^ ajjI j^I ^jjiJI i^jLw 

JiJl 2;tiiy Ljj^ 3.3 J^l -(acetic acid) J^l Jj^^^yi aceti) 



C2H5OH (ethanol) + ^ CH3COOH (acetic acid) + H^O 



176 



.Ucliill ^1 ^ JaliaJ-ifl CiVjU^ ^L^^p^t OVUluVI :1.3 Jj>^) 



ialiau^l ^Jl*^ Jjjki Ol^l 



























. JiJI (_ylc ^ jiaJ (JjLui gjlo jLuj jl-C- jljJ JclLall 

dslit^ ^1 <^ JlLa <^ jJala^ 2 (Jj-^aill Qji (_LljUtJ (JLuHuiU ^jj^l (JclLoll <Mjlala ■ 'o' 




CH,COOH, H,0 



jj^aj Sjjj^ <#Ji* (Jftli* :3.3 Jiwl) 
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H2OJ CH3COOH J O2J C2H5OH ^ A-jliiJI ^ S^j^j^l o-^Vl U 

1 jikjj .(C, H, O, N i/) >^U*II cjVj-j iiUaJl (jjV^U-j '<}K31 ^L. jliiaJl AliSl 

.4JtUi 4^jiila]l J Jl i jiiij .H2O J CH3COOH J O2 J C2H5OH 

^\ 4j jl j-a) l^Laxluil liLlc. ^1 ^JjU-all ^ _jj t-ijaj 111 . ( liEi^Jjj*^ I j ^jjll 

1 T I fi'l CjLjal jp£sU laij 1^ hiiin ^ t>»J 4jjls«-aJ «.aJ1 Lajlj <ij 4^ialiaj| 

JiUaJVI cjlinki lil c^LjkUiV (Jiill 5?-=. 47.3-4.3 ^^^1 <^ 



6.iLa j»Slju V J 'O-ojll ^ Jj.^ V 4-a_jJalall tljl jjilall j .4iaaJ) JJC. ejLall 

.Jj^Ij 4^jJaJ1 cjL?.jjia]| jTji^j tjl>ala:lj l^js j^lj jl jJl (jV ^(continuous) 

(jSJoU aj/lninlt AjtJjUlj tSjjilaV 4-a jlaia .JjJ ^jiJI j Ji..l]l c^jLiil j/lnin\l (^Sji] IIa j 
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(continuity equation) AjjI 

4'. -4^ =0 (1-4.3) 
in out 

^. =^ (2-4.3) 
in out 

^m^.-^m, =0 (3-4.3) 

aJjUiJI J tjLaj (m,m^,m^,n,n^,n^) cjV j^l j aJj^I JAoj 

.Ajklij^ill ejSljLiiJl ^^iLall ^Jkill 4jH£j1I j AjjjsJI jiiljljixJl J nii'\,«\ Llajl .1-4.3 

2;<;-K_..» AiUJI 4 (6 iiUaJlj c(4 lI^I) SjI^I -i^UaJl Jj^ki 

.Llajf AjjIj.^VI AijU-a A-u jjSi La LJli i^Jkill si* .(6 Ji-aill) 

uJaJI ^ j.j2t jaji 5.3 Jli»ll 

60 ^ It. <].ix-a ij'^^^! ^ ■ ^'''J'^ i i^jllaJfW Aj-a L—U-aJj ^j^^^l ^jjAjj^l 

.(4.3 (J^-^iJl) (-Jail jj.a ^>iAijVl S-uLaJI J (J^-^ j,',"? (JS-^I >.liii->l 44jlja^ 
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AjS (ja^ (ji AjIcUoV aji'u^n ia. jjLo 3-a jlalo jA (-Jail qjh Jj^VI S-lJ^Jl 

. 21,^1^1 ^ aJj^I ^:£ij 2L^UJ1 3-4.3 '^J j^VI ^jU- jU ^.-JSJl ^1 jij V 

jj jiSLaJI jh'inll (j/i 2 i^-^' (^-^^ j'-^ Ais^lll L&^J 

^ jaJI (jS-ii J.i«-<i iji.i'.j • ( W ) ^^liS (ji-lJ J!la-a J {V ) '« \1 (jS-^l JUa-o 

^■out=f70— Y60^V4200i^^i 
beat Jy min J min 
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(Ji-Jill ( ^«->->l l (ja^ciJl V':»«-a oj^ J 



(Pin = Pout) »J-«^ f^' ^ 

"^in ~ ^out -^in P ~^out P = 0 

=V; -4200— = 0 



4200 



mL 



^joiljj jliji . j^Vl s-uUJI aj jjUj Ajoiij <^-4a^l J.i«-a]l jA j 4 4200 mL/min 
■ Jjk:j ^ ^-riL^ii -7 yUJI 



(Jjl I II nil jj fiT 1 ^ .^^ (_3ajLill (J.la-al liljlS^L 4j| (jjLuill (JI!1a31 

(_j-a=>jaJl jjaHll iSj\^. 1-4.3 Ajjlj-iluiV <l.iU^ J'ji^l (j^ 

4jiLa! ,_gJc. (_SjiaJ pljflj^ll Aja^Li. 4_oJ ^1 jll J .l^-i^ ^jLiJI ^ n7i->ll (^ijjil 

J/iUjII iji^ ^j£-a* JJC. ^jUJI J Ji-WI t3ajdll Ijja isj-^ aIAx^ ^\ 1-4.3 

.!5lla Cj|jUil£ .LU.^'C^U aUI JjI ji^i ^Jc i^Ji^ ^^31 (Jijlt J ^Llclioll ^Jiill jiiS ^-a 

jajjJI j> Vjj ji jajjll Jj*- JU«iu.t LjIj J^ia^l (> j 



^ ^ j»jJI jajj 6.3 Jli»JI 

(jji.lj^-all ^jjloll (_ic.j!luij (jl L-laJ t<ajaijVlj Ij^iLiiJ j-aj tjlliaj 

^ jj j^ll ^Jmlll -•^ ^ t5%!j " ' ■ '— (Jj^^J 'cS^y^Vl AjjjjjJall LllLjlT-allj jj^ jiiJIj 
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I J <<1 III <i lj«ihr. I at In La 

5 mg/mL JjL-all ^jx^^ij 4 50 g/min J.i«-«j (jj^ Jjla-o ^jfi-o ^jj^j ^sJa*Jl 

^ji. jjSjliil a1£ (JSJj j!la-oj 4jK3I aLIII (JSJCi jEljixJ JjLaJI jA Lo(!) 

(jt J ' 50 g/min jl-y ^ >JI <^ ^jl^l aJj^I (jaiS J ^ij^^l gj^l (m) 
siA JiL^ La .225 mg/min c^jLoli ^ jiJl jjSjliil aJjS j^aii 




t_Laj (jiill dlV^ -^W^V .j^LoiJI jJiuiJI 4..^ S^jlila 5.3 (J^l J«-i=J (^) 

:2Lja:iJl f CjLi^l JiaVl f^jSlI 

.0 J^'liiin AjLa. 5-<i_j]alall • 
■ iaU.^nllMJ Jjli JJC. (JjLu jA j-all J jk-all • 

.(1.0 g/mL) »La]l ^jLau j^jJI Jjk^l AiliiS • 

.AiaaJl ^^ Cj^iclia J V • 

tjaill ^ JIA^ iiU=JVlj 2tjjlj.<J| J ii^V .3-4.3 aJj^I ^jJ 

.^1 iiiflll ^-^-'1 ^laiall JJC (Jajjll Llajl iaJL^ ljjS3 tl^ CjUlcl V ^JCjfj jLa.xj ^JJjU! 
.aAAitx ialiajl j jji (JjVjl*-4 ^^iL V o JJC (J^^ (^ill jJaaJl (Jib JtIjouJI J J 
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^ AjKII aJj^I (jaJd ±aj i»^\U'u«\ Ii3 4^ jkx 3-a jiilaJl ^1 ^^ii^l d 

•3-4.3 a1AjuA\ JL«la.Li 



min 



50^ 
min 



mi,G=|5^Y50^Yi^l = 250i^ 
^'^ I "tLA minj^l.Ogj min 



jjSjliil aJjS jjSj t(J'ii?JI aJjS J-la-al l^JjtiS ^ 10-3.3 AijU-all JLutiuiUj 

mg 

"^in,G-"^out,G=250— mo„,G=0 

mm 
min 

(jsjdll i^J-^j iSOg/min ^jaJI ^^jlall ajKII ^jaij J.i*-<i (^jLoij tji] 
. 250 mg/min 2->Jl ^ jj^^liiJ ^i^l ^1 

ijjL^ ^jiil UJjni'. J ^J^\ (^jj^l (3a.2j3l J:i«-a <ljik-all ^liill 

(^Jj£ll jjaHll J.ix^ (jl (_jJl Ijlij (jil .ajKII aJjUI Jali:ijl tjxijla jA La] lisjj ' 50 g/min 
<i 4-aja]| jjc i225mg/min cSJ^^ c5^l j^l jjSjiiU <^j=>^l 

IjJijj .jcjaj-o jjc jjjli Si SjSLuLa J AjlcliSV A-ojiiLiJl fj (>aljial jU 4 250mg/min 

2U.juj] liiliajl AlAjui V iAjjl AlAxji JmjJ L_ia^ -UU tjiiajj ^ jjS jliJl JjLa j! ^1 
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(jjljio, <iK3l aJjIII tjajfi ^ (^aillill J VI 4i_L^ SlU jjSjlill JjSJj JijJI 



JjLji «,_^jLi3ll (^iaiall 1^ .a jjiux j! a j£luu> (AjIcliiiV jt Ajlcliij 4^ jlalAll 

/Sj.Ull 4jjjaJI SjaJUt-all ^ jjiiall J jii. (J^>iij 6.1.1«x<i C^\j\jli A-oJ jjSj Lo LJlc. 
(—lajjiillj ^jaiill J «i' I iij J .^8.3 (Jl!i«3l ^>^') J cJ^-^ (j-" ls3^ s^ilj^ 

^ jjjj^l J *! I ,-1 jjSjliJI (_jlc. <a]la^ CLlljUj ^ii.Jj u' (jj^ *JJJ:f*^' 

' '"^''"^ - ^)JC 1 ' - (JS ^jajj ^ ' - , Ua^l ja ^cjIaII jjSJ ''"'J^ ' jj^' cj^ J* ^)^VI 

^■'> 1<i i-^U' <ij (Jjuaill (jl (jt il^^l J L^^)i-oj (Ja.lA« o.iC ^3^' cjlj^ <ij 

.^jL^ (J^IAa (jl LjaJ A^jlalali (j£^j .(jj^^)^.xj 

cAj.j\y. t_jL^ 10-3.3 JiU=JVI 2L}LbUill cjlinkill (> ^IkL 

:4-a jkiJl (> 2U.jUJI aL^I C^:tiu> ^ja^ ^Pq^^ ^j^JI 
^m,-2^m, =0 (1-5.3) 
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I^Ilo Cj^AiUi Ljaj! (jS-aJj .dljLull oJ-ialo ^aiijl] 4jLKMIj 4jj±aJI JiUaj^^l CjVjL«-« 

(^jUajUI JiLJI 2^ 7.3 Jl^l 

A^jikiJ) (>ajial .JjLiill A^LlJI aJj^I iiUaJl AijUi-a L_uSI .6.3 J^l (jJXo jA 




.^!>a^t f l£. jit ^ 'U.« ^liojl ^ ji :6.3 (J^t 



AjjU^I siA ^ ^jj jUj cjl jUi lJl^ j iuCL, 1-5.3 

.J- jiJI jUS ^ 2LjKJt Aiilll t3a:fi 
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^ f Ij^l jajj 8.3 Jll*!! 

. jjajj) A:^^>Ja] (jjjj^l JjjluS! ^tij ^JJ^I dll JJT Hilt (jjiHuiaJl 

AJjIsix L_uSI .(jJJjj^J ^J-^ i^^^ S'lj^Jt (>» 0.5 L (jnlVinlJ I I r-^*> in jjl (jlajjil 

.(7.3 J^iill) ^jj'nmjll Jj'.. J jjc. (jSJla]) f I j^l jLu aJjS ialiajl 

JJC ^1 j^l ^^alj J.lji-4 Jjla jA La 

ni' <i I j« ^^'^^1 (jSJjll ^^3ua lij (jjiuiJJjll jjjiiiL-aall jJC si j^l <C^yji La 

.1.2 g/L Aijill ej ja. A^jj lie f I j^l AiljS jLoi J iUijSS 10 mm j 

(JLaaiuil ^ '''^ li] .A^lj t33.2j (J.ix^ ^ C-'^ l3^-^ Ls^-^*^ ^ jJaloll jjAjJaJj nj^jjoll j 

LJJi±> ol j jJiul 1-5.3 iiUa^Vl aJjI*J AjLjaliill aAjx^I 
rhf - rhj. - rhj^ =0 

.^Icjll ^1 t 
.^^^iojll AjjiijjH aii^qII r J 

.(_5jL>u3l AjoiJjjJl Aji^aSJl ^1 / jjjuiij 
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f.\ ^^jll ^-r^" (ja-^l J-^ c?J^! J*^l (3-2.3 aJjUJI) ^Lua 



V, 



2:^ = 0.25^ 

2s s 



0.25- 
s 


1000 cm^ 


j(2cmf^ 


L 
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jll ^ (jalill jjSj ^2-2.3 aJjUJI JL«ia,L Jij 
IL 



,v,P = ^0>,P = f(2cm)'(79.6^5l](l.2i 



1000 cm' 



0.30^ 



■ m^=mi(j^ 'uW^ oi^j^' oA^^I t^^ii^l (ia-^l t?^^ ' j^j 



m,=m,=^ = 0.15^ 
' 2 s 



4m ^ 



'. (j^jjiAjjH (jjiijj-aSlI (j^ (JS ^Ij^JI 4c^)jbO .^LaJ^j 

41 0.15^ 



7i(l.2cmfj^l.2jj 



j^lOOOcm' j 



111- 



iaj iiiQi AajjULjj .111 cm/s tjj^l ^ ^1 j^l (jslj Acjjoi i^jVuH t^jij 



coronary artery ) <>?.tlli o^J^' jJ^ fi»^ ■^^j^ ajJU^ ^JI ^ j.;t^1I 

liajj s.:j.wa]l jjWAi -^-^ lSj^'^ J-axioij t(bypass grafting 

.^1 jll jLJI jjjj jA J i(saphenous vein) 

Jab 
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. 6.4 cm/s jUii (jaij Ac. >ii Jj 4 2.5 mm jLiS ijaJj i 




Jji (jljjj^l t>» (jjIjlJI jjc j>.iJ) aLS (jajj liun-> 42.3 (Jlall : JaJI 

0.027 g/s jioiJl Ailaiall jjc ij jLoiJ Ail j 4 0.332 g/s c5 jL-y Aj! bi^ jj JAuijVI Aiialo 
jU 4^»all ^ Ciikilij J ^1 I jiij J .(4.8 cm/s ij jijjn AjJaikla Ari^ jjiL^^jjia) 
jLj^jA^JI ^^lAj djja. Aiaijll Jja. llLa jJaia liuoij |jU .(10~3.3 AJj1j«-<JI) hj'. In AJj£JI ^3aJJ 
ialiajVl Ai.ll*-4 ^' 4SjSljaLa aJIa. jliiLj jjL^jll *lc-JJ JjAjoLall 

"^block+ "^bypass -"^0^=0 

^\ tjajj ^1 (bypass) j 4tj j . ^'ul l o^i^^ill j> ^jsjj ^1 (block) Ci\ 
ij I jkij . jjW^' C <-s^' (out) jj^j 4jjUj31 slc^j 

(JaJall J.ia-<i (jjSj iV^l Ji-WI lilli (^jUjiJ t_Laj eJjiouJI AiklaJI (j/i ^j'^' t^^^ tJ^Jjll 

"^bypass ="^0. -m„„., =0.332^-0.027^ = 0.305^ 
s s s 

(jaU^I jlaa u'^ ujj jjW^' *^ J 
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: jjUiUI fX^j Jhk t_jLa^ 3-2.3 J 2-2.3 jiiljULJl ^ J> sjUI \\-.U'u«\ ^(6.4 cm/s ) 



4m^ 



Kvp 



4 0.305^ 



71 6.4- 



■ 0.24 cm = 2.4 mm 



t_LaJ to Iji ^t11 Aiiaia <^ I n(iun<l'\ LaA ^Jl j (^liill (jSJjll jjSj ^ Jil 

.Uijaj ^uLJI (^IjII uWj^' jA liAj 4 2.4 mm ( Jj^jII jjli 
(liUjLali SjJxIa ^tj^ (^ij ^laj 6.3 

AAl^jIaj .6.1.1«IL<i CjIjS^ jI (_jic. jlaJ ^jl ^ (Ja.lAAi] I^JS ;jS-aJ ^^jjll ^aJaill ^^jJc. 

gjlj- 4(!5llo (jjl jjjijyi iliU. ^j^aJt iLulajll A^UiJI (jjlia. J ^ ililjLiill AiLlaj 
u^j -{j^, [Mt~'] J [Nt~']) <j j-aUJI (j^l tjai Ja«..xij jU J£ s t^^^i^ 

5 5\. (jS-iJ Cj)i.l3ua ^--^ ■ 4j_^ jaII j! (^li^l 4(^J£1I jLuil ^3aJJ J.i3«-a i—ll i n^. 

«=Z«. (1-6-3) 



(2-6.3) 



:1 

E^.=l (3-6.3) 
^x, =1 (4-6.3) 
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w,=^ (5-6.3) 
m 

x^=^ (6-6.3) 
/i 



n,=-^ (7-6.3) 
M ^ 

(jjjll lit J .jUll ( ^LlSSll J (3a.iill cjV^ J ^JjJl ..imilt j 

n=y^ = my^ (8-6.3) 

=— — (9-6.3) 
^ ^j^Lj-i^l >^U*il 9-6.3 1-6.3 Lajf jl-jj 

jJaiJ AA.j-i>'un^lt 5.3 ^ialall sJjl j3l ^jLjalioll jaliajVl tllVjlj" ^-i^J^ U^J 

o-i5Jt2ii3S J^m.^-J^mj^=0 (10-6.3) 

i j 

>-^t^ Z"^.,.-E"^...=0 (11-6.3) 
^\ J- ^H, , "X^;,. =0 (12-6.3) 
c^^j. ^n,. ^ -Z^,. =0 (13-6.3) 
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(jjAJj LllLiiijjJ jj^ l_i3tjJ <j1 i_yajjsu ^Isiiall j .(9.3 (JSJJI) iSJ^ LuVI 




J oJjIj sJA«l« CjU jLa ^ sAjiaII jaj :9.3 Jiufl 

Cj^Aa-o ujLiiaJ 10-6.3 J 5-6.3 jjJoljLsi-all JLajtJjLiil UjLoJ (ia^ j ^ji-a JJC 

S"^,,. =M^in,s"^in -M^out,s"^out (14-6.3) 
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Jx^aaj '(^^ij^l (jaJjll cjV^ j J^^I jLii 1^^^ (jiiLia5U (_i;aij3l 
^„ =!!V>iL (15-6.3) 



"^ouM ~"^in,s (16-6.3) 



^UJJl ^ ufjj^ 133^1 Ji*- JA m,hyme,protein u! 

t3a^l jA n^chymcmucusJ ^ tj^JJ^ -?* food, protein J 

^ i^Uxll tjajill jA Wgastricmucus -5 'f.^^' ^-^-^ -1=^ 

^W'i J jkjl) Ukk AV'i'liifl 4jjls«-a 5 + 1 _!l lilij jj^ Jaaa ^JjUt-a 5 Vj .Laiia. 5 (_jk. Ji^ 

.(4.2 Jj^lj 6.2 



0 »,r 



.Cj Bj A t>> Aj^jLa ^jij (JiJ ilj^ u' :10.3 (Ji«JI 
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1 jLiill jiaj .(10.3 (J^l) ^>^l u'jP- J] J^' ttlll jUjII j Cllj^^S-all SjJlxla <-<i jJila ^ 

^ jjjjSjaI] jUjli^l jtujoiill J . mj 'GliS ^3aJJ J.:*^ jL-yj 'B j A (JjjS^I ^_g\c 
4jK31 ajIjS ;3ajj J.i*^j iC J B (jjjS jJI ^ 2 jUill jia-ij . j w^ j^ L»a 1 jLiill 
1^ 3 jLjjII ijJ^.j •W2cj b ^ 2 jLiiil tjjj£^>All (jljJj^l jljioij]! J . ja 
3 jLiill ujL^jJ aJu£\\ t_bau31 J .fh^ji, AjKII 'GliS (jai J.i«-<i j tC j B j A dL£^l 

^'a g (_>Jii?-U 10~6.3 <]jllj<-ail jsJ-axJ (j^-oJj tej^'unall <ilc.liliUI 

J^w, ,m,. -^w .>. =0 (17-6.3) 

: 17-6.3 'aI^WA JL«la.U Cj B J A ouk jJI t> ^ Jj| 

A: Wj^mj-W3^m3 =0 (a-18-6.3) 

B: >Vj3mj+W2B"^2~^3B"^3 =0 (b-18-6.3) 

C: w 2,c"^2 ~^ 3,c"^3 = 0 (c-18-6.3) 

mi + m2-m3=0 (d-18-6.3) 

- 6.3 ^ - al8- 6.3 cjVjU^I ^-^^ lil .(3-6.3 liaj 1 A-jiu-ll 

^JjaMI jUJj ^jJiiJl .ills JsJj . -d 18- 6.3 aJjUJI ^^1^ L. - cl8 

JJjki j£»J 4jU t^jJjS t3ai Cj)l23Uij <^ t-bou 10-6.3 y^U-all jja jjSlall Jliall 

jJI ^JjJl CjV.l«-4 J (_l*iulU l-ijL-a ^jJilal 12-6.3 AjjU-all 

Oiyfeli* jajj 10.3 

aA^y ^>jSI jixuil JJJJ yj-'J*^"'^ jiiuil (jLiJyjj (jlj_)xjji (jUltj :AiLuba 

'0.07cm/s <^ liaijj .0.0006 cm JjVl jll >a ^^jL^ .^Jall ^1 
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'0.0007 cm^^lfill t\c j3l jlai isj^j -0.43 ^\ cjLjlU '^^\ j^jUjj 

.0.46 4ja »l__>.aaJI CLlUjill 4 7.^11 Aiuijll ^ jLoJ j 4 0.08cm/s <i2 t33Jj Aii jjoi jLoU J 

<.Ui j31 *l j..^! CjLjS]! <^ . 0.0008 cm ^Uil jll >a csjl-yj 

. 1 

.^UJI ijj^l 1^ CjLljiil ^iijljll 1 (1) 



Di = 0.0006 cm 
w, = 0.07 cm/s 




Z)2 = 0.0007 cm 
V2 = 0.08 cm/s 

^2 ~ 0.46 .^^^j£lia Cki^JJ Cii^J Ji^ C"^' (3^-^ :11.3 (JiwJI 



JJ^ .2 

:OLi^ ja (i) 

• ^i^/l JJC.J (jjiiui A^ji\ 1^ ^j31 ^jSJj • 
.jj^alSjj J Jiojj '^j AlaiU. 4jj<o.iJl AjCjVI jl J-i^ • 

.AjCjVl (.J (^1 JPJ V • 
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.1.056 g/cm^ jLu J AiliiS • 
.3 jLull 

.cm, S, g <J J.ill CLllia. jJl J^aaloil • 

= ^Z) ' Vi p = ^(0.0006 cmf [^0.07— j (^1.056 = 2.09x10"' ^ 

4jL^ .3 

l^V 2L,2)UI ^ 6-3.3 aJjUJ JLLiUill Ai^l (\) 

lil ^J^J ^ J^'-'* (J^.^ f>.illj -AJj^I (JaJj C^^xji (—iLuia. JnT'mn j1 

4^ jj^ 3^ jiuJI oiA (j\ (_jJI 1 jJaj J .oj'q-lnin AJLi. 4_o jjiiall ^jli '^1 Jjj V ^.lll 
:3-4.3 aJjSII Jiliajl AjjIj-IjI aJjI*^ J nu'lml UiLaJ tAjlcliSV sjiluui 

Xm,.-Xm,=0 
: 10-6.3 JL«ia-l c(L.j:iJlj cjUj^l JL«) 

aJLuJI ei^ A^Uil Ai5S31 JiUaJl aJjU- • 
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i J 

gjUll (jj^ 4 1 jLilii t""lLir-u.il 1^ ..1^1 <ij jJaHj (_jJj^l t33Jj]l J-lx-o (-jLuia. 

jLull ^ (jSJu t_jLaiaJ 4-aja3l e^A J,«laij j . fflj = 3.25 X 10"^ g/s 

:3 

mj -mj = 2.09x10"^ -+3.25x10"^ --m3 = 0 
s s 

m3 =5.34x10"'^ 
s 

^jLui Vj i _ ll I n't (j^^ ;s^>Jaa J 3 J^^iill <SjS (jS^ii (J.la-o (>»J 

.V3 =0.10cm/s 

^Jlll CjUjS ^1 ^Ijaj t3 jLull slj^l CjUj^ 4j<<->->ll A^uiill jUjV • 

(il^)-iiiJI ^Jl ^ <^-n'>1I j_3a^l (J.ix^ aajjls 1 li ..1^ '■'^j-*?-^ 

(jl ^tjjj 4I jLiill «.l^>AaJI CjIjj^I <Auij Ai^j*^ jj^ J .^^jia^l (_jajLill -^W^ 

V V V V 

jj _ ^ l.RBC _ ^ l.RBC _ ' l.RBC ' l.RBC Q 

"^z)>,">.0006cmf0.07^" ' 
4 ' ' 4^ ' s 



t^ajill J.ix^ t^ill y'j RBc =1-42x10 ^cmYs ^i.-^ <jL1. j=j j 
^Jl diLjS RBC .2 jLilll ^ cjLjjii] ^ -~ - » 

Z'";.^ ~ = '^l.RBC + '^2.RBC - ^3,RBC = 0 
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(jajLjll (_lLi.a. Ljj^ LSJ^ ojx 4-2.3 AijU-all ^^ CAS%tl\ J mr'uiiLj • 



^ r-lj-^'l lIjLijSJI I _ lull jjj jjl jill j»C. J ^.Jl AiljS jjl IjjJal jjal 1 J 

: Jl 2iiUI aS^\ Jjii^ ^a^l cjljUill 
V +v -V =0 

' l.RBC 2,RBC ' 3,RBC " 

V =v +v 

^ 3,RBC ^ l.RBC ^"^2, 

s 

^- y 2.27x10-^ 

^ _ 3,RBC _ * 3,RBC S = 0 45 

^'3 ^£,3^,3 ^(0.0008 cmfj^O.lO^j 

.0.45 c^jUii -^Jjil 4^ ^Ij-aJI i^LiJ^ 2LL4a-aJI Aa^\ iijj 

.4 

4jxa-aJI Ajxiull J 4 0. 10 Cm/s cSjUii ijjJI ^ (.jJa^ii jJl Acjjo. : JjaJI (1) 

.0.45 iS jLuj ajs «I^>.4;JI CiLijil 

liSlj (>i jjSI ^ jaJI jLlJ jLull Ax. Jul ^jjSj J j^Aall l^jfi^] (v) 

.^oll t3ail Jik:i t> ^rjlL^U <_> -7 aJUJI a^IjJ 



198 



jijAuJI jjSII 11.3 Jli»ll 

^ ^i^j-^n (>jV| (^^t -lljjll >.u.^JJ l-ij^Vl -^Jjll ^1 Aj^I 

Ujl Vj t(jjL-ail<i (jJjlc-J t-ij^Vl -^JjJI (J^-iJ (j-o (1^1 (j1 ■ ^ .(12.3 

CD 

y3=3.33L/min 



Ullij Uj AjOjS SJjjI 



Vl =1.35L/min 



(^jIc (.j jr> :12.3 (Ji*il) 



^ sljij-all .ijlll (j^ ^J^' f.^' (j-o 1.35 L .liill Jjqu.n 

jaj (_^! t> 3.33 L/min t_>la3l ^^^j ^^J^] i-ija-Vl ajjjII -1.35 L/min t^jLoy 
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(jjj Aijj*- Aiic ^ .Pb oaL^j 0.25 mg/L j tCN auU^ 0.6 mg/L j ^NHa 

3 J 1 ljiJ-0 ^J^l aAS\\ 

3 w iNH^ =5w 1 CN w 3 = 6.34 w 1 3 = 2.46 w 3 

Uj^Vt (> AjjlaJl Ajiiull JjIo jA La .jLu JS ^ ^ jAiJl Ajlilll (_ijau3l i Jm'.l 

^Jl jLi <jLi t!ic.liia QuA 12.3 cJ^I <iuJI (J^Aij eJjjVl JJC. .ijSJI 

AAjj-oII JflT-unUii UjU 4^.i5l (jijj ^jA 4^_jL<-all jJ.ilLa31 j! ^1 I jlaJj .l^LaalaiV 

^^j-a ^ (g '-^ t- 011"^ o^.1x!Lq Clll jIjj 0 ^^jfljjui-all A-iic-Lij^^l A^^^ii.All A-A^jlaj-All A^^j .o^^)ilb-u-a 

: 1-5.3 aJjUJI 

^m,. - ^rhj = mj + - m3 = 0 

ol jlilll ^ 1.056g/mL^a]l AiliS lilj cj.^ ^I^lj 



g 
min 



^jii Luij . nij = 3520g/min glya iA^Ll« 3 jLjill <^ aJj£11 jjsjj J.i»-o i_ 

:2 jLilll <^ (ia^l 



m,-m,= 3520^ 1430^ = 2090^ 

min min min 



200 



JS3 10-6.3 AjtiS jUi 43j 1 oJjLiill ajIS^I l-a,^! jUj)fj 

NHj : w 1 NH^mj +vt; ^^m^ -w ,^m^ = 0 
CN: vt;icNmi+vt;2CN'"2->V3,cN"^3=0 
Pb: Wip,mi+W2p,m2->^3.pb'^3=0 

: aJ! Ill nil 

Cf^.j .C2,pb=0.25mg/Lj cQ^cn =0-6 mg/L j .Q^^h^ = 0.5 mg/L 
ijiiiVi .1^ aM jA\ CjUIjS j JjSI Jill Jl nT'iiiL 2 jLull ^jniiill 2jh<\l (j.iiill t_iLata. 

mgNH, 



0.5 



1.056 



g blood 



^1000 mL jl^lOOOmg J 



xlO" 



mL y 

:2L^Li^ ^jiaJ 2 jLiill (J^Lojllj AuljmU Ajlilll ^imllt I Jill'.' J 

W2,cN =5.68x10"^ J W2,pb =2.37x10"' 

Ijcjjj 2 jLull (ji I. J I Hill J (_^iii]l tJ^Jjll LllV.ix-^ jlx-a]l ^xiall (jiujaJJ 

NH3: fl43 



j + (4.73xl0-' 


(2090^1 




min J 



3520- 



:0 



CN: w, 



^(l430-^ | + (5.68xl0-') 


2090-^ 1 


min J ^ ' 


V min ) 


^3,,J3520^1 = 0 




ly min ) 




rU30-|-)+(2.37xlO-') 


2090-^1 




^ min ) 



3,pi3520-^] = 0 
V mm ) 
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W'l.NH, ' W'l.CN' W'l.Pb' >^3.NH3 ' W'S.CN' >^3.Pb 

6.34w,^„ =0 c3w, -5w, =0 



NH,: w,.,. I 1430- 



,NH, 



mm 



3,NH3 



3520- 



mm 



CN: 



Pb: 



w, 



1430- 



1430- 



-w- 



3520 
3520 



= -9.89' 10"' 
-1.19' 10 
^.95x10 



mm 



mm 

I = -i.iy lu ^ ^ 

mm 
g 

min y mm 



3 


-5 


0 


0 


0 


0 




W 1,NH, 




0 


-6.34 


0 


0 


0 


0 


0 




^l.CN 




0 


0 


0 


0 


0 


1 


-2.46 




W'l.Pb 




0 


1430 


0 


0 


-3520 


0 


0 




W 3,NH_, 




-9.89x10' 


0 


1430 


0 


0 - 


-3520 


0 




>^3,CN 




-1.19x10 ' 


0 


0 


1430 


0 


0 


-3520 




.^3,Pb _ 




-4.95x10 ' 



•.A^LA 3j 1 (jjjLiiJl 



w 


1,NH, 




"4.735e 


-008" 




"4.74x10"' 


w 


1,CN 




2.84k 


-008 




2.84x10 ' 


w 


l.Pb 




3.6747e 


-009 




3.67x10 " 


w 


3,NH3 




3.002e 


-007 




3.00x10 ' 


w 


3,CN 




3.496 le 


-007 




3.50x10 ' 


w 


3,Pb 




1.4212e 


-007 




1.42x10 ' 
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^Jl ^ i^j^ A-oUJl SjLJI aJjUI aauuII (1 jLilll) <^LuJI oJiLoll 

xTu 1 1 ^'.NH3 . 4.74x10-' 

NH, clearance = 1 = 1 ^ = 0.90 

w,,^H3 4.73x10-^ 

.^IMl 0.985j 'J>iU 0.95 :(_k>L^j11 j AuLijai]! ' ""jl^'-' J!ix.xi ■ ^...^j l^^^ aLjIiUjj 

tJjjUJl ^ Alcl\ ^ 95j 'Uj J-Vl (> Alall ^ 90 (J.-iUn 4.iA3l JJC ^all JAI LaJjc. tlij 

• O^L^ jll j> Alall 98.5 J 

(Iit^ j2l d JJxla ^ 7.3 

^ (Jj^ljjj Vii n (_J.aaJ J e.la._jj (j^l ^^^"'^ IaI 'u'ii'^l-j ^xiajll LilLa 

J «ij 4-0 l_ij^)3tJ 'CS I'll nKl flilj (J^IAaII ^)JC InJ't n\\ 

. JJJ^I 1|; mflll (JxC. Aij^)la (Jjl'.'i liLi^l t > ^11 jj.* ^JcL^ 

CjIjJVI JUutlojl [j^-aj tiliiaj AJLoball ^; (j^ (j^^ Li.il jsj Cjl.li.jll Jjc. La! . Ajixjll 
e.i.laj/a lIiIjjjJjoJI CLllj ^aiajll (_>"aaj La .IsjLoi l(;"'lni^l"u Cj^)a. ^^jll 4 J 1 n Vl(; II j 4jjJaLlj]| 

(j<a sjjjJjoJl s.laJ 4jjl _j.a dlV-^Lt-a jll (Jjc (jS^ tClll.la.jll 

e.l.lala ^Jiill lillj j_^j .a1 j^ ■> ^11 Cjl jjilall ^J.aa. Cj^jU-all jj.a J.iC Jjj-<aaJI 

Llllii.jll ^Clll.l^jlU 4j-iaLkJI) iSJi"^ '^^ (_5 jLlb-sII (JjjL^Lii j^b iajjia tClj|.lajll 
.<a.illj (_3<a*ll Ji^' CS j'"'"^! 4^ ^ jJalall (JjlaJ (j-a ji.Vl 

^)J\ iSJH «ll (JjK'llI (_>Iajij <.« jlala (j-ajJa eJal j 0.1a. j (j^a 4j j£^ A^jlala LJJjaJ (jl 

(_gJ7>Jni j_jj1I f_ya\ jaJlj ClI jjilLall jJaiall .ij.la 4j-ajJaJJ La A«J*J il .La Aa. Jl ^ nr. I 

Sj&jII Jjau ^_^l ^jI^aIIj J^IIaII jjS- jju ''"'•'^ ; <La j^lall uaj <jl VI .l^j£ 

4 jjjia. J 4j^^Lall 4_a jkiJl SJLa. ^^ j .AJjfa^l (Ij) jjiiJ) (^jjaj J ^LsjAV) £^J*<a >» 

^^j .Li-a 1 «i(;jK (Jja j! tll s.la. jll (Jja. j! I S.la.jll (Jja. 4-ajlalall Jj.la. 'II J I 
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.(Jjl^a. jll 4-<ijlala]l ^a-Jaj L<i.ljc. 4i<iLuj aJjUix 4jtj£ Laj|j 

e^jll jAj ^(nephron) ujj^'j -J^^ J of' ^ c?* J <^ iaUjj 

cjUj^VI J t> L^iUJI j> ajIU. a^Uj ^1 ^(Bowman) jLa jU s ^Jj 
.(l^-13.3 (Ji^l) A^U'jll JjJI ^1 .(tubules) 

JJC I 4^ _jJal<JI jJa. JAJ ^ ^ J IIj I) ^ jkiall Jj^la. jLaJ 

2j 1 cjl jUill m JjJ^I >5j .5 J 4 J 3 cj| jUill II jj^l >ij .3 J 2j 1 ^\ jUill 
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® 


























,1 


L ' II jliiJI jjd. 



JjU-|l III 4-0 jlaloll J jii. JLoalu;! tdjl^oJ J 1 (jJjLilil SjLoll jl^ Ajj-U (jC- J 2 jLuJI 

.(jij^ J (_5j AjK j-oil AjIi*^ OIjLu^ 14.3 Jlloll j(; .3 

i_ijjdjVlj t(Henle loop) (Jj* Aikj t (proximal convoluted Tubule) ^p^Sft 
^1 jiiiii (j^j .^^M l5 j '(distal convoluted Tubule) ^^-^Vl L_a!>li<JI 

(jjLijKll Jj^-*-"' <Ai .AjKII (jx 2 ah-;. A\ f,\j:^\ (JjiaJi (J^l (jx A-ajJalall f^J clH^ 

.Cj -7 ^laJl ^IjJ (^ ^^J.^-iS'l 

ipLLl) iikiji 12.3 

ajLlII «.Li& ^Ut" 2j-vU.ji b^LkJI (receptor) J. ^"^ :Ail«u» 

AjkJl ^jLi. jjj J ■ ^-'Vi jj^-aji] Aji.jUJI AUaUJl ^ (ligaud) 3 K'.'j.' 

t ^ ^ ^Ca'^ ^ t "i^ ^ ^ ^^8**^. f \ ^^ ^"^ (^^La A.^juijl ( j . >%-^*i J ^ 1* \ \ \^\ \ (J.,ojtll t a LS^~^ ' W^^^ "^-^ 
(jl (j£.«Jj iAjliJI ^Jajj ^ ^J.^^^ J (JjiLui-all ■ ^"'^1 ^-0 (j^l^^J^lj Ia jJjJjj l^jjiajj j 
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: .C£)JiauiA\ is jaJ Ja*^ :14.3 c3^I 

Lauffenburger DA and Linderman JJ, Receptors: Models of Binding, Trafficking and 
Signalling. New York: Oxford University Press, 1993. 

^yi ~v (j^Ajj i-iM jj^j -i=>j^ji' (jc <-M cLiri. (endosome) 

Lo SjU \l ^Unl (_jic. .-11 ^ <AAJ^ 4-0 jl^--l jJJJjl 4 14.3 Jl nT'uiilj (I) 

tl4.3 Jliill) AjkJI <^Lic. Jj^ A-ajlila ^jl iA\\^\\ i^jic. ClL^yq-Uii J .iaJ (!) 

t^jjS^j I'.M. II (jjJa jJ (JiaJ JJC .lj.laJI a^ ^jaj .(A 5-ajJaia]| J ji^ 
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4 14.3 J^l) ijlUll ^-.j.AH Jja. 4^_jJil4ll Jlj^la. ^jl t^LJI sja^ ilL^LSlaiJl -^(s-i) 

(Jj-<aJ (jja. 4j! JJC. .Igjjlajp (^J?J tj^ ^iajoi Cx^ yTuanWi jajLjjJt iaJJjp ^cll^ 

.l^Jalijjt liliii i^bll (4'^) .'.N iajUjll 4jjLa3l (cOmpleXCS) Cjljta-a3l 

^ tlua^ Ajlkll «.LiiJ SjjLa^l JajUjll J j^laJl ^ajJaJ (_taj iSJaJjjJI JajUjll .i*J j 

.(C d4.3 J^l) 

^LjIju. 13.3 Jli»ll 

^ U JJC. J 4jC.Lij-<all (jal j^all J ^'..^ll l_ijj-<all qji A^Ull 4j jiall sUall I^J^ui.* 

"11.1.0 II s-Lall JLaxiuil (j£.ajj .^ji.1 aj^ l^Laxiuil ojlc-l (JjS olj-all AjiJlx.^ CllUai-a 
Ay^r^W <jlac ^ AjjUI oLiaII gJljtJ .(!)\l<i <a.ljjJI) A^jA\ j cSjllj t_lj*ill 4jJljtAll jjalj-o 
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(O2, N2) 



»U»1I Ml*^ ^.M-M UUo :i-15.3 Ji^l 



® 



® 



® 



0 



.© 



^ij^ :i-j-15.3 (JS^I 



~15.3 (J^l) Ajj^l t^jjljJl ujjiiijjJl jlja. s^UJl LijiiiJI jjji ^ j^jAill 

^j_j-aJl (Jjuajjj .jjjJjll e^jj ^jjxl] LaA A-aJlst-a ^^^j ejAiVl 'Ln^jJaiall ^jjajj -(s-l 
(jlja. (J^'^ 'UiJ^ cs^ ^^W- ' ^ ^ ."^ j' Jii^ (jj-^ L>* J^') »JJ-^I ^jj/'*^;^! 

tmjrhf =0.1 ij JiaU .j^UjV z ^^jlIoI Jial L_ik ,_jlc; jLii csjhi^j 
^ jUS <^ aJ^I Allill t3aii =0.95 J mjm, =0.05 j 

4 1 mill ' ■ j I jni'.lj .Ji..ill jLul aJ^I 2Jj£]| ^3ajj J.ii«^ aS^ju m^,m^,m^,mj,,m^ 
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t3jkj 111 .4hj'>i« AjKII CjJijll ^Axi^ Jjc J .(JjLjVI jA riii Aiiill Jax-o iJaJl 
.^1 -15.3 J^l 4^ oixJl Jj>JI ^Ui.W Jc 1-5.3 SjaloiJI yUJI ^ 



rh- -rh^-rh^ =m. -m^ - 0.1m. =0 
m„ = 0.9 m, 



aj j^I jl jaJ e JUjj^] aJUJI ^ aJj^I jiliaJl aJjU- .(cj-15.3 J^l) a jLiiil 
m, + - m„ = 0 



3^ jliiall J jja. 



ajK31 aJj^I Aj jl aJjiU-o ^ a-ojSII oIa (jijjaij . = 0.05 m^ lij^ sLk»JI CjLi jkJI 
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m, +m,,-mg= m, + 0.05m, - m„ = 0 
m„= 1.05 m, 

2LjK31 4i5£3l JiUaJl aJjU- .(dj-15.3 J^l) r jUill (> cjUjk^ ^ Jj.^^li 

m„ - m^ - m^ = 0 

-m^ -m^ =1.05 m, -0.9 m,. -m,. =0 
= 0.15 m,. 

.AiJiiJI cj| jbaU (jSJJ CjV^ 2.3 Jj-l?JI j-''---; 

aJj^I tja-ii -iajjj 5-6.3 4J:il*xll J/u«luij t jLu ^ £ L_lkjxl3 kAj<l\ Au«\\\ ujLoiaJ 

eia. J (J^ 2: JaUijI Cj^Ajua (jS-oJ taj?1iiin A-o jlilall \ j}^ j 

m,.w,. ^ -m^w^ J, -m^w^ ^ =0 <^jJiia3l 

^iWi,z -0.9m,. (0.95m;,. J-0.1m,.vt;,^ =0 
^ s,7 =l-45w,.^ 

tly s J b ujjLAII (^j r jLull Lsjr^ 5 j Z^j r cjI jLull ^l^j lie ^ J <_^j 1 jiiij 
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m^W;^ + mbW^^^ -^a^a,z ~^i^i,z +0.05m,(l.45>v, J-1.05m;>v^^ =0 

■ . jLii ^ Z t_ikj^ aM1\ 2.3 Jj^l (j^.^n 



^ 


^ (jili Jjfc^ 


jW2lt 


1.02 W,-, 


1.05 m, 


fl 


1-45 w,.^ 


0.05 m,. 




0.95 w,. , 


0.9 m, 






m,- 


/ 




0.15 m,. 


r 


1.45 w,-. 


0.1m, 


s 



degree of freedom ) AjjaJl 4a jj Jjlaj Jia l_!Lul=J] <ijji=> ^j^j ^ uj^ 
4 ^11 CiLojkJI (Ja (1) :(jJI>j (jc Jis^ ^jj^l ^j-i JjU'i .icLuj .(analysis 

^ ^^liill J >JI jl ?D^U^ yLuJI J=J SJj=Jl ^ Lo (2) ?<iLuJI J=J 2UtLJI 

A^jJ (JjK' (J «T n 111 JSj .aJ! ninlt (_><aj Clil^ja^ e.lc .ij^j j i ■-<■'> II j ^^jlc 

ja^l S.:j«x« ^ o.:iiJl Ajj^lj ^tlLUl Ajjl_^ JjI^ JaJ :i*a 

JaUajVlj Ajjl jxll CjVjl«-a (J^ J JjaLs^I t_iLaiaJ Aja.^ aJI AjjaJI Aji.j.l Jj^^' jJJsu 
Ac _j.aa^l j«i^Ti j! t_Laj j«-?-o A'^ LjjS iliV^Ut-all (>i Ac jxa^ JaJ .aLJI Cjli iJjliiUil j 
Ja. A^ tN Cy J»'-^l oj3 JJ-<J' Alilui-all Cj"^.ilji-a]l J.1C jl£ Ijllj .AliL.ji-0 A].^1*-<i 

iAll»^ N Cy> AJi jl£ .(underspecified) AiiaJI A ^n.h Ac ^^-aa^l ^L^J 

l^jL i_L^_^ sASUJI eiA (jl .JaJI ^LajV ^lAjua N ij\ J iu'lml jjjja. j^l 

gjUll tJaJI (jS/ i(>aa^ J -^j^j u^j ^'■^ '(overspecified) 

^JA\ lillj ^ SAra.j]l (J^l Ac jAS-o (jla till .sjlii-all 'aI^jui, N SI ^..lixJja: 

(Jja (AiaLoi^ aJ.2U^ Nj^ N ls') (J^aW-*^' t^j^ oV^U-all (>i J.:c ij j'-' 
Jji^ (jl .(correctly specified) Aj^iaall a^j->i.-i l^L jjjja. A-a jikiJI cj*^ jj j iJaJL 

.aJ j^-^ '^I CjI jjilall ^ Aa jjsixJI ilLa jLi-all j CjVjlj<-«ll (jjl jA AjjaJI Aa.jJ 

(jAjJa jLaJ il tesliSj aILlsII JaJ AJai. ^jJa jJ Liajf AjjaJI Aa.jJ Jj^^' (Jl ot'ii III (j^Aij 
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Ac j/ia^ (_jJc j! isJjSlo si^ J (JS (_jlc AjjaJI Aj^jJ Jjlaj ^jjiWi dil^ jll eJ-iatLo A-ojIaiall 
(jl jj:^ ^ i AjA:lj1I ^"i'.j^ > ,^ jlj^j j! e^j jjSj LJlc. j .Ia^L A-a ^^ic- ji iCljlAi.j 

Jc J j.^-n J:JU Vj (.Uil ^ ^La^ A.«£UI Aij^lj Aij*^ oLj>Vl 

^1 dll^ jll ^!J^I ^J-^ S-^^] (>J 4i-ijJ«j3l Aaaaj^l illl^ jll j>4 iJjLa jla-o 

^ AjjaJI A^jJ (JjI^ I jlaJj .Ajjni-> nil (JjLo jkx3l ja_^ ^ JaJJ aLIS 

.aJLoiJI (_)^ ^ <Jjl^ jll o:>.l«l» A_a jJalo JaJl AAljia ^liSiui 4i_llj^l IIa A-a^ S-''^ 

AjjLi-aJ^ll Ajuj.li^l i_Jj£ (j-o Aj_)^I A^jJ Jj^^"' (jc. CjLo jlx-a]l (j^ •^j^ CS^ J J' U^^J 

Reklaitis, Introduction to Material and Energy Balances, 1983; Felder :Slla) 
.(and Rousseau, Elementary Principles of Chemical Processes, 2000 

ja-aJl jj AjKil ^ j >4j 14.3 Jli»it 

aL^ c> ujj^ <-!^ .(^-13. 3 J^l) ^ji^l j^' j^' J* ujj^' lAliuiA 

(-iitLJl (_J JJjj^l (-iltjj) Ai!±i.a ^jia ^'-JJJjj^ J u'-» jW jiajVI Ax\j 

(jlj^ JJC tUllj ^XaVlj ClX^l lilj^j .(^.^^Vl cj^^lall tJiA Alk. J 

ajK31 1200mL/min csjl^ o- JjL> 4(_jilj«-all (J ■-i-'t Mill ^ 

^ gjUll '^jj^' ^jJiia iUj 1 125mL/min ^ ^ 'j^j^ * Jt>.^ cs^j •'^ V^''"'^ 

A ^ 1 ni^l jj-ojJa . (j/uKll sjjli-o Aijjll ^ t J . Aj4j]I (jl tA^l nlj 

A^Lijll jjAjua jAlj .QjiuUj^l J aJjjIIj ^!)LaVl l^J '(< 69g/mol) Sjjij-all iJjUjjaJI 
^jaj 4(jjJjij^l fLaJl (j^L^aLal s^lcl .LlI^ (_^! jjjj Qja tLiajl cllliij j jjll aJs 

A^uojVl jjj La Aiialo A^Ljjll Ajij Jaij j lAjllall ^\ J jjll 0.69niL/min 

A^Aaj .(jjjjjjj^lj ^Lajlj Lu^ QuA&jj AjjI^I ^^jjll AjIaC A^Aaj (j^^ 

tjXfl-. J jjjjjLjSj aS jjj Cjliji JJJJ «■! J.a^ ''^J^ LSJ^^ ^ AjKII lI^.^ cS^' 

^ 45 f.lj-a:iJl ji^l l— iLlJ^ JloJj .(aJLj^I oIa J^jj |J lSJ^"-' l^^J^ JjJI 

Loj^U) tlillija. ^JjSjP jA sjjijL^I CllljjjaJI S-y^JP O^J^J '{lSJ^^ CAa^uA] j 
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*-urine,ur _ ^urine,cr _ ^urine,ua _ 

Cfilt,ur Cfiit^cr Cfiit^ua 

ua J cvj M _jj ur j t^^Uij filtj 'V jj urine uj 



c 


= 18.2i^ 
mL 


c 

'^unne.cr 


= 1.96i^ C 
mL 


urine, ua 0-42 


mg 
mL 


^1 ciSlL JjJI ^ ^Ullj J^l 




aJS^I tjajS cjV. 














.(JjUjlLiJ) cS j*-" (J^^J 'u'-'jW *J?^ 




.(Jjjill) ^ OUjt»31 J2S jajj OVJjl-j JjSiji JjJ* jSi* :i-3.3 JjJaJ) 








(mg/mL) 








5 jLull 




3 jLiill 
(> 

^Jjll J] 


1)11 








18.2 












1.96 












0.42 










0.0 


0.0 




0.0 






0.0 


0.0 




0.0 










(mg/min) 


J:£\\ oaill J.i*- 






5 jLull 


4 jLull 


3 jLull 


2 jLAll 


1 M\ 




















































0.0 


0.0 




0.0 






0.0 


0.0 




0.0 




























(mg/min) 
















0.69 




125 


1200 


(mL/min) 
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^jaJI J jLii ^-i^ i^lj ^j--^^ ^^'<'l ^jaJCill iliV-is-o J jj^ljp (t) 

.(JLill oUaa-o 4j 2j 1 CjIjUjII <Laa^l tjaill tllV^ J .5 1 Cya CLlljLu]! 



V, = i2not 



II jliiJl J jJa. 



l>, = 125mL/min 



!(2)H20 



^4 = 0.69 mL/min 



I0H2O 



CDh^o 



I 4^ j^'-'l 



.JjjII :ua .(jjjjjLijS :cr : ur .U>U. rcells -Ofjji :pr 
.<jK3l ^ (jjjjjjj^lj (jLojlj oj^^ (ly^-^ J Cy ^^j-^ -16.3 JiuJl 

: ClLuia j3 (!) 

.(Lj!)UJIj cCjLuSjjJI cJjJI 

.(2jLnll) A^Ujll 
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.^^Jiljpj (_Jjto2 aJjLluj J^)^ |_jA ^jLojIj 

.<.LJ1 ^ aLIS JjJl oi^^Ljj^lj Jj^^b ^Ujijj^il • 

.[4] 82.18mg/mLLa>iUll cjUujjJI jj£ Ji cSjLay • 
1.0239g/mLj 1.056g/mL csjLaG ^l^^l c^Ljillj l.SlA\j ^Jl c:.lil!iS • 
.(6-cj Lij^\ c> sj >.U ^1) 1.098mg/L j 

.<] ^ :ur • 

.(jjiiiLijS :cr • 

.JjjII :ua • 

.«.L« :H20 • 

:cell • 

.LajX :pl • 

.(2 jUll) A^LS J :filt • 

.(4 Jjj :urine • 

.min imL cmg cjIas. jll J/u«iu,l • 

^ ^ 'I (JSJJ J.la-oj j>^l AiljS JLaajjoilj ^LuVl ■ : (JjjLuVI (til) 

:1200mL/min LSJ^! 

"^1 =V\ Pbiood = I 1200— 1 1 1.056-^ 1 = 1267-^ = 1.27x10' 

V min cm J min min 

Uj^Al 4<x j)hu\l f^l Jj ^LuuS Ci!il£.Uj J J=>. J j>.iC I jJaj J .6~3.3 AjLialidll 

:3-4.3 SjSLuuJI ^ Aliill iiUaJl aJjUJI J jii.! 
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4jjaJl Jjk'i JLttxioil jji ioJA»la aJLouJI A^laj 4jl 1 jjij 

(-JjSjP jjj tllli^ijtll (jC. ^ IjjJ CjLi jla-all ..llS-a j2 Ak. (jS-oJ La 

ijki J .V J (jiijiih\ Jja. Ali^l (JSJJ CjV^ J jj^l Jill (JaJl J^l j>a 

m2—rh^—m^ =0 

"^2,ur-"^4,ur-"^5.ur =0 :^J^1I 

"^2,H,0-"^4,H,0-"^5,H,0 =0 ^^^^ 

.4jU^ cjLajkJ) -^-^ t^liLaj UjV 4 jlilll 5Jji]| (3ai CiV:ix^ '•'-<-'.; 

:t^jLu 4 jLiill 4^ lia^l 

"^4 = "^4,ur + "^4,cr + "^4,ua + "^4,H,0 
V i-ua.) 4 jUill jJjiaa-all l^ljS j Lo^pLll ^<^->->ll (jSJoll Aijsix j> 

: jLiill Jj^l jjajiill L^LozJ 4-2.3 aJjUJI JL^I 

"^4 =V4Pp,_ =f 0.69i^Y 1.0239^1 = 0.706-^ = 706i^^ 
min Jy mL J min min 

^ jA] aJjS (JSJu ' ^ '-^ ^ ^ (jalill Jjiji-a j eUasi-all Jill JLutluiljj 

:4 jUa 

m.. =C,^y,J IS.2^]( 0.69^1 = 12.6i^ 
V rnL Jy min j min 

:4 J-0 Jjjll ^j^a/ia. J (jjjjjLljSll 3Jj£]| ^^^-^ t^"^ i.lm'.l A^LLa ^jlajj 

siA (jiajjjujj .JjjII (j^a^ 0.29mg/minj jjjiiLijlll 1.35mg/min 
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liUi ^^ pLJI SJjS ^jjj 4 jLiill 4jjS3l iiUaJl ^JjUi-o ^1 

:jLii31 

"^4 HjO ~ ^4 ~ (^4 ur + "^4 cr + "^4 ua ) 

= 706i^-f 12.6i^ + 1.35i^ + 0.29i^ 
min V roin min min 

= 692^^ 
min 

1 •'•■< 'JjjIIj <a.L3ij3l (^jLii CjLjjLall jjSljJ jJJ Slkn-all (JjlS^iUJl JLutloiU • 

r 18.2^ 
70 70 mL 

0.014mg/mL :2 jUll JjJI o^^^j jjiubj^l 1Jj£ jj i .u . i' . j <^Ula Aiijkij 
jj^ljill si* ^ J nT'uiil UjLoj •JjjJI (>=uiaJ 0.03mg/mL j (JjIuLij^ 
J£ 5Jj£ (jijj c2 jlilll <jk]l aJj£]1 ^^sjg jiUjV a^US'jU ^-■^^'I t^aHll 

(jSJj .4 jLiii] UULaloil l^juij Ail^>]alU lilli Jjti UjLaJ . UJ^ 

cjU JiS tjaji cjV^ J . m2 =1.28x10^ mg/min cs J^i ^J^^l 2 jUill Ai^ 
i n l J jill m 2 = 1 .75 mg/ min t^jjll m2 = 32.5mg/min t^jjU^Aja 
i^V .pLJ] m^.H.o =1-28x10^ mg/min ^JjJI mj,^^ = 3.75 mg/min 

liJ Si ' J ^Jj^l tji-ii J.i«-4 WiJ^J 2 jLiiJl stall a1£ ^JfiSl J^la-a j! 

^32Jj cS^:uui L-il I (j^l 44j 2 uJjLull 4^ i\\<.\\ jjsjj J^iii^ ^ ^ja-o • 

m^„-m..-m.,„ =0 



mg 1 ^ ^ mg , Q Q mg 
"^2ur ~"^4ur = 32.5 — ^ — 12.6 — —-19.9 — — 
min min min 
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jLull rh^ AjKII a\'<\\ J.la-o jjSj tA^jUi^ Aijiajj 

djUjlJl Ji£ t^ai; oV'^ oj^j c 1.27x10^ mg/min :5 
(>a^ mj^jj =3.46mg/min J ijjiiiljjii] mj^,^ = 040mg/rnin iajsjoJI 
^5 jLAJI 4^ ^jJI jj^Ji <_jL^j .<.UJ mjH^o =1.27x10^ mg/min j ^JjJI 
:4-2.3 aJjU-oII JLaxloiU ^ ^ ^ ^^ajcill Jjia-o V jt ■/■■■^ ' 

. 1.27x10^^ 
V\=^ = niin=i24.3i^ 



Pplasma 1.0239^ 

mL 



19.9 



mg 



C, =^ = mm_ = o.i6^ 

^3 124.3"^ 
min 

=0.0032 mg/mL iaLU- ^jkj JjJI Ltf^^^jjlll IjjS ji ^x^j 

.J_jJI C5^^ =0.0278 mg/mL J ^jAiiiUjill 

m^-m^-m^ =0 

"^l,ur-"^2,ur-"^3,ur =0 

I,cr ~ 2,cr ~ 3,cr = ^ : jjiuU J^l 

'"l,H,0-'^2,H,0-'^3,H.O =0 

"^l,pr-'«3,pr =0 :ajijJ^I 

'"l.cell -"^3,0011 =0 

^ ^ ^^aJall i}^3Ui jjLajtljaui 4 nZj il jLiill i<\<\\ 2h<H ^jci Jj^a-a • 
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m,=V\ p„„„,=(l200—|( 1.056^ 1 = 1267^ = 1.27x10'-^ 
V min j\ cm ) min min 

:3 jLull ^ 

m, -m, -m, =0 



mg 



:m,-m2 =l-27xl0''^-1.28xl0= 

min min 



= 1.14x10° 

min 

2 jLiill U^Uij ejjijyoll djUjjaJI (jiasu jJiSjp ^IjS 3 jLiill AiljS 

aUjiiii <uAji (^J?-^ '3 j^t 4^ Ailj^t .Lij!ljl3 -ul jS djja. AjLiJI 

.Uj^l ^ L^AiJ] Sij^l 2Luaull 

550 mL J 450 mL t jLjLj s cKjG (> 1000 mL o' (>= J^* 
1.28x10^ mg/min) aUI 10 j=j jl£ Ulj .L.j!li 

^j^jaij s ji^l Ji.lJ ^\ t> (1.267x10^ mg/mino- 
;2 jLiill J\ (> MAij V .2 jLiill MAij \^P4\ (> 100 mL ol^ 
c> 450 mL J Ll^UJI j> 450 mL liljli li* j ^1 jjjc ^j^ikLai V l^V 

AlaJl 50j Ll)UJI (> Laa^ AlaJl 50 t> (jj^ (^1 '3 jljill U^pLJI 

: J 3 jLiill IjJ .L<ij!iJI (j.* Laa^a. 

P3 =0.5p,,„+0.5pp,_ =0.5^1.098-^j + 0.5[^1.0239-^j 

= 1.061-^ 
mL 

j31 .1.056— a- 3 J4^\ oj 
mL 

jLull 3 jLiiil AiljS ji LijJajpalj LbjAiA Ljjjsj Lbja.! j3 JjjLai) (j.4 

:3 J^4^ (jajCill (J.ijtx t^jLuij . 1 
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Li_pLil] AAA^jiJl Ajjlall Ajjoiill (jlj 82.18mg/mL lsj^ Uj^lJl jijjjJI 
4Jj£ (js-^ (J-^*-» I jl 1 11^ 1 1 jLull jjjj j__>j3I jj^ j^^ (JLaaiailjj . ajaII ^ 55 jLuu 

"^ip. =Q y; = 0.55f 82.18i^Y 1200i^l = 5.42x10^ 

mL J y min j min 

(jaJd J.ljtx (Jj-<aaj ijjLajU sja-^ djUlj JJjU <jK3l Sjjijx <ljl*-<i JLaaluiLjj 

:1a jjSjj J 3 jLiill 4^ dljjjjjjll 4Jj£ 

"^l,pr-"^3,pr=0 

"^3,pr=m,p, =5.42x10^ 

min 



5.42x10^ 



™n - 50.46 



" n 1075"^ ■ ^ 

min 

jjjiii'x^ll ^1 J .Alall 45 c?J^ Ll)UJ1 4jn->->ti ^Jjlall <ijauJl jjl jUjoiaJl 

'"i.ceu = '"s.ceii = 5.93x10^ mg/min 
C:,ee,i = 494mg/mL 
C3^,u=552mg/mL 

. jUjU sja^ Lilac jSjpj 
JjUl J La JjJa J (jVi^i'. J (jjjjjLj J 4J JJ Lai • 

^ CLlLi jUI D^A jj^l Jj 1^1^ t(<JjLaia jj^l Jill (jj CS' ) uj 

^(Lj^iLk ^ L^J^"^) UlS JSLo, jA 2 jUlt .2LjjLAa 3j 2j 1 cjljUill 

j^Sl Jill jj£ J\ \ jikij .l^lj Laj^UI c> U^J^ 3 J 1 jl jLull Lai 

i—LuiLlj (J^LsiJ 1 (i Ij It'i S-iaJ Ajji 4(_j-aj!>L Jjia Ajjli CjUj^aI UlL^ <Jjni-> «ill 
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^1 jUUt ^ U j^LJI j> jA\ jUl 



:(3 jUlJO.Sjl JU13 0.55) 



=0.55Ci, 1^ =0.55C2,^ =0.55 0.26^ =0.143^ 



mg 



mL 



mg 



mL 



.(_! -3.3 J j.i?JI Cj^jIj A^Llo <iijLj 3j 

l^j^ ALjJsJIj 3 J 1 (jJjLu^l 1^ jL-all dlU jLail AJjSII (jai tllV.l«-o L_lLaia. j£aj • 



V;=f0.143i^^¥l200i^^l = 171.6i^^ 
mL J\ min j mi 



min 



•3 J 1 (jjj^l (-"^ ^Jj^l cJ)i^ (-.1-3.3 Jj.i?JI oJjjj 

AioUi aJjS 5j jl AijU-a AjIjS ^liaj 4 1 jLiill ^^ f.Lcl\ 3JjS (JSJj J.la-o i_lLaiaJ • 

:1 jUill 

mi = mi + mi „ + mi „^ + mi +m^^^ + m,^^^,, 

-{' 



m, — \m, ... +m, „. + m, ..„ +m, „ + m, 



L267X10' 



mg 



17L6^ + 9.24^ + 19.8^ 
min min min 

+5.42x10^^+5.93x10^^ 
min min J 



6.196x10' 



mg 



. 4.93x10' mg/min ^ji>lLi 3 jLull aLS ^32:^5 J.i*^ 

(mg/mL) JjSjjII 



5 lUill 



4 jLull 3 jIaUI 2 jUl 



1 jLull 
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0.16 


18.2 


0.13 


0.26 


0.143 


<1 _jj 


0.0032 


1.96 


0.007 


0.014 


0.0077 




0.0278 


0.42 


0.015 


0.03 


0.0165 




0.0 


0.0 


50.5 


0.0 


45.2 




0.0 


0.0 


552 


0.0 


494 










^h<\i ^iil) 






5 jLull 


4 jLull 


3 jLull 


2 jLull 


1 jLijil 




19.9 


12.6 


140 


32.5 


172 




0.40 


1.35 


7.53 


1.75 


9.24 




3.46 


0.29 


16.1 


3.75 


19.8 






oyZ 


4.yj xiu 


l.zo xnj 


O.ZU ^iU 




0.0 


0.0 


5.42 xio'' 


0.0 


5.42 xlO^ 




0.0 


0.0 


5.93 xlO^ 


0.0 


5.93 xio' 




1.27 xlO^ 


706 


1.14 xio*^ 


1.28 xlO^ 


1.27 xlO* 


(mg/min) 














124.3 


0.69 


1075 


125 


1200 


(mL/min) 



jjiijLij£]| J SJjJl <n^\ jjSljjll 4jjlLi -3.3 Jj-i?JI 4^ ^Ijjll jaJI (I) 

.(0.26mg/mL) jii^ jjSI uiij^J^^ J^l J^-^' ji^ Jj uj^j '(O.lSmg/mL) 

LjjSj 6J-0 Alaj Jjjll ^ jj^JP -il-ijj '(jJJjJjj^l Kniiti (Jajll 4jJT S-^/-' j 

^ jjSjill Ajjjli Ji,j ^ Ujj^jp o?^ '(18.2mg/mL ^) 

.(0.16mg/mL) ujj^' cJ^-^ 
'(172 mg/min ) jUjU Sja^ aJsII aJss j^Wj 

20 J (jj^ Aijjll (.lit j£ (140mg/min ) a1»3I ^ 80 J .ih 

60 jaJ ^jij djja. ojjjjii^l (32.5mg/min) iaSa <LJI 
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^JJ^' Jl (12.6mg/min(^!) a1»1I 40 j JjJI (19.9mg/min Ji) ^1 

2^ iaSa Alall <^ 1 1.5 ^i^l (Ji^^ij jJl aJjS j> ^jij i^L^ia^l .^5 jKll 

.(6.20x10^ mg/min) ^ikll ^UJ 4i5S3l ^33^ jlkilLj 

jijjjll J,\ i-iAiJ ^jiij (4.93x10^ mg/min ) aUI ^ 80 ^ 
J Ji^V) .c^j—nh\ J\ (1.28x10^ mg/min ) aUI ^ 20 v^iij 

(692mg/min ) (> <^ 0.54 'oj^^Vl j jJI 

Ajjjll J\ (1.27x10' mg/min) AiJl ^ 99.5 j JjJI ^ 

.^ni->ll ^JlSI 2Likjl (Ja..i5 sLJI aJjS j> Alall 99.9 " J 

^jJaj (jS^ 4(Jl!La3l <Jif" (.5^ -(J^l^A^ AjJAjiII ^Ijjll (j^ (jAi^^ U^-":! IjJ^aJill (l_i) 

—m^ — m^~m 5= 0 

CjU^jLall JjS (ji-^J ^ii^l CJ)!.^ a1Aiuc1\ JLaalail liljll^lj 

Jjiaal (jja-a jLul AlaLiJI 4j.iL«-a]l J.<u«jj-ij ^ lil (jiaaU IIa) j^^Kll (32.^111 J.l«-a 

.AjJ.1»JI ^laill j><i (jiiiJl JjjL^liij Ua .(aJ j^^t (jajjll J^T 

^Uajiil j ^1 8.3 

A^Ui-al Ailjia ^liaJ li] 4<jjjaJI ^Jaill jj.a jiiS SJja.j.<i AjjUajU) 

^jjil ^Ja, iijLu< UllaJfi ^1 ^Jl>a^l CjVjI*^ (|JJ^ cj^A^UlII 
'kA^j>A^ ilt^lij (>4^<3jj ^ ^ IfSLmtluil ^^jLu La tjftj (t^blfluiVlj 

^^^ouiiJ) Jjaall J (stoichiometry) <_ajlj->j^l Jftliil) Jlia) (Jjj^ ^sjaILi t_jL«jla,l 
.(reaction rates) Jeliill cHula^ (fractional conversion) 

^UAiSil ilijlftliiii ^Jl >4 1.8.3 

^ Ailia-all AjjLloj^I (_HiLi^Vt S-u.^ ^J_^ AjSjS AjjJij j_^Ll4j111 Jcliall J\lo! Ajjlij 
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(^jjooll jiJbJl ^ iJj^ aIAjl^ ^ U t^Li^ Jcli:] (stoichiometric equation) 

^Iju! jjjjjUl AiJoiSl (^^-5 C5^j jj^ <-i:iJ^ (^W-^' Jcliiill 

CgHjjOg ^ 2 CjHgO + 2 CO2 (1 - 8.3) 

jA ji Cjl ji J.iC jjSj La^lJC 4j jl jlo AjjLlojUI 4jjL«-a31 jjSj j Sjj. ^\.\\ lh<\\ 

iUa-iVI AJ^lU-o jjS jA liAj (J. l^A ^^ ^ ^1 ^jjjll dL^lr-liall 

:4tJi,-i11j La jxc j^UoJ^l JclijJl Jlla! 4jjl*-a (-JuSj 

aA+&B+cC+JD >pP + ^Q + rR + --- (2-8.3) 

^ A,B,C, D,P, Q,R J ^(a) c>Ullt JUal ^ a,b, c, d, p, q, r j] ^ 

.P,Q,R .. ^ 
.^1 ...3 t2 il J JcUjII ^>^lj*JI • 

:/ j.r^'ir. a, C, /7, ^, r Jcliall (Jla! jj-oj JLaaloiU Jla iljU-a ^^jiil • 
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-ak,. -bk-^-ck-c^-dk-r, l-p^,p 

(3 — 8 3) 

+qk.Q^ + rk.^+--- = 0 

. a, b, c, d, p, q, r 

.P ^ C^H.O ^Jj .A ^ CgH^^O, ci^ll^l .CO2J 

(j^aij U .3j 2j 1 — J jjjauaiSVlj (jJa.jjA}^lj jjjjj^l ji ^ l ir . Jii jpj .Q — J CO2 

sij^l) C.Hi^Og ^ (1 >^t) 01 j3 6 ^ii A^V .6 ^jl^ k,^ .jj^j^l 

.1 t^jL^ CO2 uj^j^l ^1 J-^ J^j '2 c5 C2HgO 4^ ujj>ll cj| ji .(A 
.CO2 _S ^ = 2 -! p = 2 'C6H12O, ^ fl = l <^ JtUill Jlloi oj (/I 

ji<Jl Oj^j^I >^ Uj^ 1^ 

-1(6) + 2(2) + 2(1) = 0 (4-8.3) 

(_)Ia*j (jl Vj c^iiiijijll AjjLuiAil CLilclilil ^ j^W-" AjLuill oiA (jjS .^jJ^JjlLj 

.ojSjLJi AjjUaj^I Ja.! (j/i 

aJj^I (_^L<i tAj^jj-iaC lIIiL^ jdi* ^Hjj ^^H^ ,.9^^ ^jjj^ <jjLuij^1 LlLylc-liiiil Ijl-i^i /j ^ . WV'^ J 

^^Ij jl^iLo 5jxau J . jjjjiJI Ajj-uSl ^Ij tpUajj jjjauaiSVl ii3!A^l 4(biomass) ^jj^I 
j ^(respiratory quotient) ^4!*- ^f^J '^ll^'i.', J 

:(_5jJa. (JclLa JjT nn jjj^ s^ilc. (_>ulaj 
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RQ = ^^ (5-8.3) 

. JaJl 4jaLjal AjjU-a l^i*^ ji 



(j£ ci^^ I ii'sl tt,^^?' ''^^^^"'"0 '^Liall ^_jic. (Jji.^'tll till jAiA_jjj^l ja-kJiiJI i _ ll?'u.n 



70 uV '0.70 c^jLoi A 



(_gJc t_LlaiLul 



^ ( _ I II nil 1 11^1 cltf^ JJ-^i^^' dlljj (j^ ^•^^j lSJ^^^ UJ*-^^ 

L-L^^iLii <lLa. ^ Jal (jj^i i-i JJ^ (jjjjill bull's! (j^ ^ u.iill (jU li] .jiUiia]! 



(jlijjLou%!) Lj!5UJl 15.3 JIIaII 
ibo^t j^Ij J Ajjia. 4Jj£ (hexadecane) (C16H34) jl£jjL^I Jj^:^ jj iAJLl* 

:<^^\ Jcl£ll aJjUlxj (jjjj^l 

Ci,H34 +a02+b NH3 ^ p CHi ,60o27No2o +q CO^ + r H^O 

Cj/A Si J .Aj^\J\ AjjjaJI aJj^I (JL«j CHj ggOj, jyNg u] 
Doran PM, t> 4nin<<< aJL^i) .^^LuuSll Jcliall Jllal .la. .0.43 J JcUall liA 

■ {Bioprocess Engineering Principles, 1999 

-1(16) + 1/7 + 1^ = 0 :(1 j^l) oj^jS 

-l(34)-3Z?+1.66p+2r = 0 :(2 oi^jj^ 
-2a + 0.27;? + 2^ + lr = 0 :(3 oi^^ 
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-lb + 0.20p = 0 :{4 oi^jjn^ 
yjUt-all tilljj i JjaU-JI ujL^ ^jowiLk SJ^Lst-o ^1 <^La. lil . a, b, p, q, cJc-lij 



RQ: 



:0.43 



-0.43a + ^ = 0 

1 (JLuUioilj ^l^)lAJUll\ A-ajh'ln (J^ .(JjAL^ 4.j,^i^j CllV-^iiu lll.ll ^ 1 1 .^jl 



0 


0 


1 


1 


0" 


a 




"16 


0 


-3 


1.66 


0 


2 


b 




34 


-2 


0 


0.27 


2 


1 


P 




0 


0 


-1 


0.2 


0 


0 


q 




0 


-0.43 


0 


0 


1 


0 


r 




0 



a 




"12.4878' 


& 




2.1260 






10.6302 


<? 




5.3698 


r 




11.3660 



C„H,, +12.49 0,+2.13NH, 



tA'.J'..^ (J^f CjjoijI JdijJl Jlla! j1 IjJijj .Ai.ll*-4ll 4_^jia ni'sVl j><i 
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t Jinn J c ^1 j]l LijUaxi (JtUllI (Jll«! ^jJa jj 4 (Jdijll JIaxiV liSj Jtlij aJjI*^ 

^J-iaj '15.3 JUall .1^ 5jjjLJI <JjUk^>^ Ujj (Jja-Vl Ajjiii'. «11 (Jc-UjII Jllo! ■Si^j 
.liUi iljj JllaVl AjL i'i;i/-> j il LijLiui CjgHj^ —J oaUJI (JcUill 

.^jjLjal AjjUt-o iiVn 11 ^jMj .Qi^jjpjj 4(jjajaiSjt cQi^jjJjA ijjjjjS :4jijjVl j i .-il "it II 

4 Jill 'i ^ J c(yield) Aj^UjVI (_S -UjIji^ J^J^ U^-^ 1 ■ ^ j Lujj2.j (jjilSj A-aii J 

(6-8.3) 

jl ijjSjlill jjSj Li.ljc. j^LlojSII (Jdaoll (Jl!Lal <— ll i \ Aja.lijyl (J flt'l I III tjS-aJ .(_gj)i ^tll 

.(jjSiall 

(^)^^^l 16.3 jUall 

jljll ^yij S!«tJ^^ AiiaU. ejLa jA (citric acid) (CeHgOy) o_^l :5i-u.^ 

(^JJ^ JclLo iAjjIic. djULlal .-11 l^LttxljiV tLiclik^ W^^j lA^j ^ !^VI 

:(Asperigillus niger) 2jJ:i\ (jiaJI 

CgHijOg + a NH3 + & O2 ^ /? CHj 7gNo 5 + ^ HjO + r CO2 + 5 CgH^O^ 
•^Ij Jj^ (>« — ^J^l^j isj^j '0.45 (jjiiilll A lull ^jLuij '(Jtlidll lift ^ 

• CHj ^ ajj^I Ali^l U .0.70 ^ll«i^l jjS jliJI t> 

lAiiVI Ajjl >«3t jiuaUJl cjVjI*- >.n*^i '3-8.3 Ai^l JLaloilj : JaJI 

-6 + 77 + r + 65 =0 ^ujjj^ 
-12-3a + 1.79p+2^+8s =0 :u:K-jj^ 
-6-2&+0.50/7+^+2r + 75 =0 :as-^1 
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-a + 0.2/7=0 

JjaU-s Aluij t( ^jja-uiSVlj Jji^jjAi^lj (jjjjll]) CJiAjLM Ajj (j! Jaa-V 

Ijjjxjlll (_pa^ jA jaLiiAVI ^jx^ya ^^ J i ',- t 1^\ \ ^joiallj . a, Z?, /?, ^, T, S 

RQ = !!5^^ = Z: = o.45 
yield = ^^^^^ = - = 5 =0.70 



0 


0 


1 


0 


r 


a 




"1.8' 


-3 


0 


1.79 


2 


0 


b 




6.4 


0 


-2 


0.5 


1 


2 


P 




1.1 


-1 


0 


0.2 


0 


0 


q 




0 


0 


-0.45 


0 


0 


1 


r 




0 



a 




0.196' 


b 




1.82 


P 




0.979 


q 




0.821 


r 




2.62 



CgHj^Og +O.I96NH3 +I.82O2 ^0.979CHi,gNo20o5 
+ 0.82 IH2O + 2.62CO2 + O.7OC5H3O7 

^Jl ^ ^Jbba ^ Jfrlij^l (IiVJx^ JUtlui) 2.8.3 

: JjjljjVI (jjj^ jjSjliJl j<aij Jli« jSii .«,(_^jaJI 
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CgHjjOg ^ 2 CjHgO + 2 CO2 (7 - 8.3) 

^^Ijj Jjjlijl LiK Jj=>jjj 4 jj-aiLllI Ji.ii jj£jk!l t> 100 kg/day (>= J^' 
200kg/day j C^HgO-SI t> 200kg/dayuj^ C^l j^l 6- -uj^j^l 

iAiUJl ejyini« A>i _jJilal) (J (j^al JiaLj .s^lLall 100 kg/day iSyji^ jlilaJl Ja.Jj V t<^\ 

• aki^-.. ai-\<\ i 
m,. -m^. =0 (8-8.3) 

m. =m.=100^ (9-8.3) 
day 

. 100 kg/day cs jLau ^ jaJl aJj^I ^^aii J.i*^ ^jU til 

jjSjliil ^^J-a31 (JSJjII J.i«-« ijjj^^iJl Jil ^J^l ^^''^^l tj^ij 

:5-2.3 <J^U^I JL«i-Li 2L«_>iil»Jl J\ J^IJ 




(10-8.3) 



(Ji.lJl jjSjliJI j> 555mol/day —SI <_P=«j tjjij -o^^^j^l 
t_jLaia. jLaj ijjxj . jjjj^l Ajjo^l ^lii (> lUOmol/day j Jjjljj)/! (> lUOmol/day 
.5-2.3 Aijl*-ll JImIoiU Jjjljjyi 4i5S t3a.ij J.i*>> 




(11-8.3) 



. 48.9 kg/day J^J c^iSI jjJJ^I Aji-iS! ^^lii aJjS (jali i Jm^.J l^joij AajjialUj 
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.(4.3 Jj^l) 100 kg/day 

,4,411^ cr^^ '-'JJ^ (j.^^ jj^ ^4.3 





/ =0.5 




/ =1 




( kg/day ) ^j^ 


(kg/day) (>J 


(kg/day) ^j^ 


(kg/day) t>J 




49.95 
25.53 
24.42 


100 


0 
51.1 
48.9 


100 




100 


100 


100 


100 





Ullc. .(Jcliill Jlla! (_Laul Ajall.« <A jJI Iglml (.lLil£ 4 Jclioll Jlla! (.Imn SJja.j.« AJcUlall 

JfrliUJ) jl .AjJajli Cj!lclil<JI (jj^J t\J!l3^ jA i.lL)lcULaJl .la.! jjll La 

. Jdiall JllaL jAa^ jaI^Js! jl.iLaj|jj2>.j..ajjliL_i£j..a jA (limiting rcactaiit) j'Ja-»It 
jjjj jj.illaj oJja.jx jjSj ^ (excess reactants) k^ial\ O^lcliUI Uj 

f.^^ (Jcliiill UK j!l5-<Jl JcUlall t^Sl^iail lili .(JcLiill J\loL ''''^ - jA La 

jj^jj ^1 jll .UK -^^'^'■"J I^s>ucl\ JcliLaJl j! (jialjial jA <sijUiJl ©LkkVl ia.! (jj 

^Xaa.j ^1 jjll (jj^ iLlK ''^^ JcliLall ^.iC. SJL^ . JcUjJI (il^l .1«J ja. j/i 

(jjSj tjcliiill <A\ JjL^ (_^iJt (^^iall j_jic l.lL<uc.|j .Jcliill f.V^\ ^ aly^yi Ca!5L.lilall 

Ji4j •t^Li.'J^I (Jtlijll 4Jj cs^l ci-i^l (reaction rate) (i?) Jftliill Jj«-« i-L.^ 

J (>1 jiJI <Ji^ Aiilll JLaalail jjSj ^ i^JaajL*) moles/time j Jcliill J.i*-4 (jc. 

t> djjU jA i? JtUill J^j .(cj^iUiliiill ^Lfit ^UJI yUJI ^ LiL^ iLlKll SjjJll 

4-ajl-i"inll Ui" (.s^ I ji .-■'Hfl (jjijl jAj 4(Jcliiill (JlfLaV i fT'w'l aJjIsix 
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13~8.3 jiiljUiJI (J nr'u^L I _lni-sj j! ^'inuij j1 (^JaatJ jt (Jclsiill J.l3«-<J •^jlcliall 

.ll^V uiijj j]l 15-8.3 J 

(Jc-liij " L-sLl^j .l^joiij CA^LtlaLall Jj*^"' 4(Jc.lij]l ^1 ■ '— 

©UyU (jjjiall C> tff^^ jia^l t^_^ia-a3l ©UVlj (jj^' (Jc-^l J-^ (jj -J^^' 

^ tluia jj ^1 Ajlcliall jjJijJI ^^ Jj-iiaj V .5-3.3 SioUill AjLalid]! jJI 4j.iL)«-<i J^jj 

^.„-^out+*ge„-*co„s=0 (12-8.3) 

^LoIaI ^jc d.lULJ AJl^Jl ojjb t J l ...a'l CjB^l o.i.lxIL<i 4_ijLl<uS dL>lclij ^ ^ (J^-a^ A-o^jlaj-a 

(Jlo jA a^, (jl <— '^j-^ J* -^'j ^ .^N^'...Sfl J Ajjjjll lia. - . '^jj .^t_ilj^l liA 

La 4 < 0 tCj^ULaJI oaaj La Lai .JcUdll Jjla-a jA LaJ2 S JcUj 

jjSjiiJI Jlj.a ^ . Gj, = 0 ' J-a' J=>J' t^K*^ '-^ tj^ J ' Oj. > 0 ' (J^'^l ^^J^ O^^^ 

(^jL^ CO2 o-l^l c^sJ (^-5^ CgHjjOg 0-^1 ol^ JJ^^' 

.+2 

(J.aLi]l (J.ix.xi3l (jc. (_paLLLjjJ '(_5Jj-a (jjiLuil (_jic. (Jc-lijll AjLaC. JjK'l <jl 

(JkJI sAii.j aj^-iiiin AjIcUj 4_a jiaia (j/ij . fl jA ^^SJ\\ J.la-aJ 4^ Ajxjoi <i.^LiJl 

:5 (_iSj<all 12-8.3 y^LiJl jLjjL^ '^j^l 

n,. , -n. , +a,i? =0 (13-8.3) 

:^jLa-all J Ji.lia]| oJ.l«la 4-a jJaia (_jk. Jxljj] 13-8.3 <JjL«-all ^a.»J j^J 

Z^.-Z^,.+Z^«,A=0 (14-8.3) 

i « 

.j^LuiJ^I (JcliiiJt jjjiil JjIj jA n (jl djja. 
.la.1 J .la.1 J (Ja.J cljli 3-a jlkiJ (JcUall J.la-a 13-8.3 ^^.^Li-all S-liiJj ejlc-l (,^^a«J 
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.4J Jig L.11 -illi^ R ' . '■ 'I jij^ /i^- ^ (jlS iLiK ^"'7- ■-^^^(;"'' lil J .4ij^)a-all 

5 Jc-lilall jl^ aaxou ja (Jclil-J (fractional conversion) (/j) i^j-ull JjaaJlj 

LaJ c1iV.1il^U 4i_jjua_jx 4-4_jJaiA LljJaLlj ^Un'^ll (jc •(■^JJJ 



^^^^ons^^^,^ ^ (16-8.3) 



^^i^ (17-8.3) 



: 5 (jSa^ (jill liJl j Ajf ijic huJaVij JAa^l (JcliLJl i-aj«J 'I 

(18-8.3) 



jUJIj .^jJI t^aiill Jj*- o-U ^ 18-8.3 ^ 13-8.3 

^ JLaaloiU <^\Jui ili^Aiui ^Ijaioil J 4I-3.3 <!Jf?JI <jj J^l aJjUi-o jL^I jA 
aWai Cj| jjilall J fgj R '-jjJ«J l5J^>^ iAJUJI siA .n jJI (> 

:i? JcUiJl (jjlja .Alall 
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: jjS jlill 13-8.3 ^jLjaliall jJI aIAjua JLutlaiU 



(20-8.3) 

«, CH o =555^ + (-l)f 277.5^1 = 277.5^ (21-8.3) 

' '' day 1^ day J day 

ij^^iju t^jaJt ojj^l JLatiaiU j> A^jliJl aJj^I i .iniVi J . 555mol/day 

"^,AH,o,=49.95kg/day 
m.c^H,o = 25.53kg/day ijjilij 
m^ co, =24.42 kg/day :ujjj^I mr^^ 

(j! jjc jJiiJI (jx gj| jill J clLjUlidJl tAijLJl yUJJ l^iLa. Ajf 

^ iLjKli Aisiii J .(4.3 jjijji lOOkg/day^ 



UaJl ^ JjS jM Lfiill^\ 17.3 Jli»JI 

jlpll liKili ^UJalli .AiUallj (jLujVl jiLxJall jaII OLiiiJI /jjj 

<J_j.o.l]l 0JJ.1II A^iii Ajajoit _jj Jajj jlj^j ^!>L<il J CjLijSjoi J (j^Lo^l (_jJj ^ " ■ '— » ^1 

Nelson and Cox, Lehninger »Li^1 (._u£ oLiLutJI oiA Jj^lij 

J jjc. .i-17.3 I jUjl-i-^'i Aiiia i{Principles of Biochemistry, 2004 
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'(adenosine triphosphate ATP) oijjj-^^' J^"^ cy^^ ^^11 4iLUI cS^A^ 

el 4 (nicotinamide adenine dinucleotide NAD) Ai^liujlull i\ jj ^^lij 

. Jjkjll lid ^ Cij-ul (flavin adenine dinucleotide FAD) o^ill ajji 



Lf jS- '^^'^^ :PGAL 
jjjjjj'VI CjUu. > jy:^ :ATP 
jjS jlc lH^.^*^' ^^j^ cs^l^ :NAD 
2 ATP ► I caijVluia5lisljj,^l2:FAD 



^j^J^ 2 ATP 
2NAD„-< 



I 

2PGAL 



f>_v^ ^ 2 NAD„ 



■ 6* L)^!>- 



2CO2 



2 acetyl-CoA 



C02 



6NAD„ 
2FAD„ 



Fi complex 



(^jjLill jixiLnlLi ATP MJ^Ji 

.<jliJI jjS jliJI i_i:5\iL^I jLoLc :i -17.3 Ji^l 

Keeton WT and Gould JL, Biological Science, 4* ed. New York: W.W. Norton 
and Company, Inc., 1986). 
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(jA n -ttj jliJl ji III nil ^ jj^ jliSI jSjoi (JSjji j^gic e^j^ dll jAiA JJJ^I (jt (j^jpsl 

^! J:i*- <_i^l .^J^ ijj^ os-^l c> 200g/day Jj t200g/day 

(j_>JJ^I (J.isi-0 LiJaJ J .ajj't'inll iSJ^^^ ^ Jill ■> It ^Ijjll J 

0^:: L.A oH^Vlj JjSjkJl (j! ^1-17.3 (J^l ^ ;Uj : UU^ A\ (l-j) 

La (J£ ^ajJaJ tnJ-> j .(—L^laiLul Ji K^'tJ LpLi. Ac j-ta^ Ljjl Aijx-a A^jPimIIj 



• (5.3 (Jj-^^-i') tliljS^>^l (Jj^ tliV^ij" > jl I ii-> ^tij (J I'll (Jj-^ (J flt'i I iij :(Jj.iaJI ((JliJ 
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: CjLuia j3 (1) 

Lj^iUJl kij\LJi lJ^\Jl1\ ■a^J^\ jll cjLy jj^l J cjLi'j£<Jl ^ • 

. JcUjII ^ UK (-^ng'lnij /.La^l (Jclilall • 
.^^ >Vl CjU'j^JI J jjS jiill V:i>JI jl jjVl J\ A^U <^ • 

•molj day j g tj-^a^l • 
.a^jiuJI jjSjkll 200g/day :(_)^LuVl(ili) 
:^ Ajjl jUI jliJI jl >.V1 aJjU- (2;) 

CfiHijOg + 6 O2 ^ 6 CO2 + 6 H2O 

t_jL^ .3 

:2L«il« 3-4.3 Ah\juA\ ^ SU.i^-,, ajKII aIKJI LJj .sjSluiJl 
j 

2btK3 11-6.3 JL«la.l Uj^l ;2LJito^ JcUill AiklJl j^Uxll Cijl£ Uj 

i j 
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200^ 

day 



180 



mol 



1.11 



mol 
day 



-(-1) 



1.11 



mol 
day 



■ 6.25 mol/day J.i«-4j 3-a jikiJt Ji-Ai '-5*^ J 

aAjj )Hi'> J jjiojSlI jjj 4-»jaJI ^_jAj 4 1.04 mol/day (_5ic ujLaaJI a^jjj 

^jaJI ^jJauoiSVl (J.l«-<i jli 4 Jcliiill US -^^^^'-'J .iia-all Jc-liLall I jlaj j • 



^6.25^-0^ 
day 



-(-6) 



1.04- 



mol 
day 



cR=6\ 1.04 



mol 
day 



24 



mol 
day 



.fUll J (jj^j^' ■^^J^^ cs^^ t> lK (> 6.24 mol/day a-o jliiJl ^ jjj 

JJC. jjSjic. (_jlc. ^jaJI jLu (jj^ 4(j:ajUll (Jclilall jA jjSjiiJI jj! Ijiaj • 

+ a,„^i?=0 



"i.CjiHijOe 
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1.11— + (-l)| 1.04 
day 



mol 
day 



:0.07 



mol 
day 



:f6.24i^^Y44^1: 
day jy mol j 



275- 



day 



3JjS Jjist-a (^jLuijj tll2 g/day ^jaJl *Lall 5JjS j^j 

.UlS i^U(;"inij <jV jjauoiS! (_^! jliiall V J 1 13 g/day JjS jliil 

(Jla-a I _ ll 1 11^ ' '-^ j 4(jljfia.VI -^J (Jj^ UJ? ' "'^^^ J tly^ JJ-^i^'j UJ^J^' CjV^Ix-o ■i^-?^')? • 

! J 

"^i,C="^,-,C="^/,CJC.H„0, 



200 



day 



mol 



180 



mol J 



80- 



day 



. 307 g/day jjauo^Vl aJI^ 1^1^ 13.4 g/day 

.5.3 J ■^j^ :^j^Vl (i) 

jjlj J -.^V-..^ ^La jiiiall ^ ijli V ^1 aM1\ J J\ \ jiua .UaUll 
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200 + 200 = 275 + 1 1 2 + 13 = 400 
day day day day day day 



(g/day) 


(g/day) JiJJI 




13 


200 


C6H12O6 


0 


200 


O2 


112 




CO2 


275 




H2O 


(g/day) 


(g/day) JiJJI 




80 


80 




13.4 


13.4 




307 


307 






: jAx^l .j^IIl^ jL^ -ilUxlu."^ ji. i_sLil1 ^Lic. :i-18.3 jS^iJI 

Nyberg SL, Shatford RA, Peshwa MV, et al., "Evaluation of a hepatocyte entrampent hollow 
fiber bioreactor: a potential bioartificial liver. " Biotechnol Bioeng 1993, 41: 194-203. 

JjS 18.3 Jli4ll 

Uj jJ)l\ ^IjP (SUaJI AiiLkx Cjj^u^n j! jj - jlxj I^jLuM 

(J-«l jt J (albumin) jxa jjf^l ujLijiai.a jj^alLLjl j ^ (bilirubin) (JjjjjJjJI j 

4JLaxi.AiV (1-18.3 (Jij^l) frli j=>JI i-jlJVl (> *Lit jl^ ^j-^^ M^jJ j 
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S ji£l\ c±£ jA >:iaJ J 

Jj^j '(V^Liall dljLjaJlj '100000 g/molt> ^^1) 

J cjUujjJl (> Jd^ l£I dOOOOOg/mol (> Ju^\ ^ (^1) ij^l c^uk jA\ 

jl^l j>a (-iUVl 0 jaia^l i jJl ^jajj .Aj^I U^JUJI csiH jjaJI 

Jja ^ j^ajoJl 3jaJljL^ J' "^'^ iSjAlSJI Li!iliJI 4ji.Lijll ijjiA^ LoAiCj 4jaJlsi^ UJ-^ 

(J^Jj . j-all ^-^1.17. jl^^l 4^jLiJI <^LS^I ^ (jxo j jjJJjjjlull jj^JP 

. 20 mL/min Jti«-»j <i« A^Lijll ^ j^j 4 150 mL/min jW^' f-^' 

i^j^j i2)xg/mLLJ^U oj-jj^Vl jjS Jj c?J^!J 83.4 JW^I 

. 5g/day jW^' ^-^l L^iLkil Jja 






(D 






Vz = 20 mL/min 












= 150 mL/min 





(Ji.X<i jl^l ^jJ ..lili] JajoiAxi ^ij-ail ^ " 1—1-18.3 J^jill (jJJJ • t-t-i. -ti ^. 
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:oLi^ J (\) 

^ jjJa CjU j£aJl S-uSji ^^1 ^ l£ J^Vl CjU jUl jjSI Jp i-ll Ji«J Ji^i V • 

.JafiS i^jiA J 

.3 jLijll ^ ^jjJ^jjlVlj ^jJJjjjlijJI cJ") a JJT ' > ' il flj I ii'^ -^JJ V • 

.2 jUill ipu. • 

.66000g/mol 

jjjjjjlij :bili • 
jj- jJI :alb • 
. mL, min, jxg, mol J-«iail • 
AiljS J 1 jkij .150 mL/minc^jUAi J^J 1 jLull (jajj •.ijlJi\ 
.150g/min J^^iU L^L^I JnT'imi 4I.O g/mLljjjij csjL^ 

.(jLlIaJLx La^i (Jclaijll J^la-oj ^ I mill (.f^aall La] ji^ oUajl-o 

jx« JjJjJI C^ilsui Ji\ A^\^ J .A^u%^\ 5-3.3 a\^\ju^ 

:2L}kUill iLa jikiJU <^liJI 13-8.3 aJjI*-!! JL«1x^1 LuL«j ;1 il .^LljJI ^^ajiill 
«, -n, . +a„i? =0 
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4j_^^l cfjaall jUjy J 



^i.bm-^2.bm+f^bm^ =0 

(Ji. J » jj^Jj '-"^ Oi^JJi^ lJ^-^' (jiUJI J!l«-a .iU-il • 

^^Jxl\ jjS Jill s.1.1?. Jx^U. (^jl^ yJj^l (ji-^l J-^ -(lOng/mL) 

C, 



bili V 



3.16x10" 



loi^ 150i^ 
mL Jy min 

s mol 



]l474gj[ 



J Ml "ill (_f^aall (JLaatLaiLj jlg^l ^ja (jjjj jaLJI (^S.^ < _ ll i ^jU',„'. • 

:(aUI ^ 83.4) oHjjiUl 
mol 



3.16x10 



/ = 0.834: 



3.16x10-' 



mol 



«2,l 



5.21x10" 



mol 



:^2 jLiill) A^l in^l 1^ dJjSjjj (jjjjjjluJI (_33Jj i i n't (j^-oJ jj.i3«J • 



S^lxirW Y474g Y 10 Vg ^ 
min )y mol jl^ g j 



247 



"-2,bm 



247 



20 



mL 



12.4 



mL 



^jSJu J.l*-a -^W^V -(4 jLiill) (>aJ>»^' ^Jl o.:jC. (Jj3 lx.xi 3 J 2 (j'j^' ^n'l^J • 
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aJjS (JSJu i_}l3Ui UJ^ U' ' .'fj '3 1^ OiiJJ^^ ^\^\ 1 jiajj .La^jJaaJ 

J JiU^l ^ ;U, (m2,bni=m4,bm=247ng/min) 
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150 



min 
mL 



1.65 



mL 



«l,db-«2,alb+«^alb^ =0 
A:ajaj]l jjSia il^jLiij jjJjjjluU (_^i3l lilli (—iLuia. ALjiaJ Ji-Jl jA\ 

. 4.54x10"' mol/min 
^ jxojjbu j^l tjajjll J.iji-<i ujLiia. 1 -j 111 4 5g/day Jc-lijll J.i«-<i t^J^ • 

:2 jUill 
mol 



^ dayjl^24hrjl^60minj^66000gj 



5.26x10" 



5.71x10 



. ^ . ,„-Q mol _ - , . „ o mol 
4.54x10 ' + 5.26x10 ^ 



mol 
min 



.C^,^, = 25.1 ng/mL J .C^,^, = 189 ^ig/mL lA^Ui. 
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A^^l .4 

^\ jLij ^^ csjLauj '12.4 [Lg/mL^l^ J\ jjjjjJjJl jA Ji t^jL^ :2jj=^Vl (1) 
A^Li jll oJ-jjIVI jjS jj i^Ju^j .1.65 ng/mLo^j^\ ^\ :n\j>l\ 
. 25.1 [ig/mL o^j^l ^UJI '189 |xg/mL 

:>SUJI jjSjill jli 4 12.4 i^g/mL c5 j^j Ji ^J li* 

jjjjjjLJI jjS jj ^ J.oUi]l (j^alikj^^l IjiA J .1.65 fj.g/mLc5jL.uj I j^A^ ^xuiaJI 

JjLu sjljjll siAj .25.1 ng/mL(>ajj^l ts^l -^1*^1 gjj '2|jg/mL 

^1 ^ O^a-uiSVl lib^iuil 19.3 Jli4]| 

J AiA^I jji*]] jji^oj tiu=^ AjjjjI] !>Lili Ai.laJl ^cJjoiill 

jja^Vu ^Ij-aaJI (hemoglobin) o^j^ (j..-iMj <iLa*J 

(_^jLuijj .(joajoiS! diljjj^ ci*^ Ui^J^->'°i* *L?j^ U^^J -y^^-^l 

(jjjjlc-jAi^ ^jaJI (jjjJI csj^ij • 0.158 g/mL lU^I t>^l <^ owj^j^' 
A*iaa ^i.^ (Jj2 ^JiaJI ^ (jjauoiSVl liS^igi-jV t>2ia. jjjijj ^Ull AAc j . 64500 g/mol 

iaill ^Jic ^\ fJ^Sl ^Jic J^J^' f-^l jj-> m'^Vl jj^JP 

ikb jJixJl -ji j ^ ICQ 2^ uaj^j^'^ J (>=> Jia' . 34 mL/min_j 

.4.0x10"^ mg/s^ 
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Uj .(19.3 (J^l) -^1 J ^j^j -^l J J^-^ 1^1^ <xjJiiaj iiill ^Jic ^lajj rja^l 

+Z"gen,. -Z"cons.. = "acl 



, ^r 0.158gHb ^ 
[ mL blood J 



r molHb ^ molHb 



) ^ 64 500 g blood j mL blood 

(jjauaiSVl dlljjsk ^JtjJ '""''j'^^'i^l l.^ j-°J^ blood J (jjJjlc.j.<U^ j-°J^ Hb (j] 

(jjajoiSbU ^^J^l (jalill c^jL^ 'lit .^^1 (>a S.laj (jJJjiC' J.0 .i.ic. 

2.45x10"^ molHbV^. mL 



:4C 



. _r 4molO, Y: 
■"^ "-""tlmolHbJt" 



mL blood 



ly mmj 



: 3.33x10" 



mol 



4.0x10 



32 



mol 



l^min j^lOOO mg J 



7.5x10" 



mol 



^JaC ^jUJI . ..<Sl < ^ jxJl (jaJiill Jjiji-a i-jLoia. jVI J 

„ ^^-4 mol „ _^ mol „ mol 

«,o =«,o -"conso =3.33x10^ 7.56x10^ = 2.58x10^ 

' ^ ' ^ ' ^ min min min 
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2.58x10 



.A mol 
min 



34 



mL 

min 



mol Jy g j mL 



> 23 . 



.0.242 mg/mL jJixll iii (> ^ jUJl jjauo^Vl JjS ji (^jL-j 

^ 0.314 mg/mL c5jL^ cKil ^ oj^Vl 



S ^1 9.3 

jjijj (j! [j^Al ^JaijJaJl J ejl jaJl ejJSLlall jh'lnlt i < i r-^""l ^^jll till jJaiall ^jl jSju 

.^Lita^l ^ iftJaltll '^••■ft4 (>j) ^LttL jiUI ^UJI 



(1-9.3) 



dt 



(2-9.3) 



. jljaJl JjLJI Jj J.i*^ Jjisu l^L«la,V A.<uXa 2-9.3 ^JjSj iJ&Ui 

ejjilall ilUJI iiUajVI J AjJ ^J^iAjuA 4jLI£j]|j SLjL^alia]) tjmji.^11 Jni'mj 
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Laiia. AjLl£jJt 4 ir J 1.^11 J-aatLuii tLo yi£. j .4.2 J 3.3 jJstiaLall ^jLalioll j1 AjUK'll 
AilaJl 3jjt jJ) ^AjuA 4jLI£j11 Atj.^II jjl -(fj J ^'^^ 'J^) V^j ^ 

- J;' + - J '' 

[J ^'.^J^ - j'^ ^ou.^^ = [' ^.^dt = ^dt = (4-9.3) 
(jjlj I'' 4^^^^ J? J 4^^^^ J^l J-^ -Aiiii-, JliJiL ^ ^1 Jill J 

51ol£.a Ui^J .Ujji-4 Ajsuoi Jill Ajj-oUJI JjSj Laiia. J J^nill J' "-'J 'IjJ^I 

*.lJ U jja-a AjjULii Jill AjjL^Lkll jl jLi jjll Laiia. IjjLa (jj^J ' — J^^^ 

.AjLall *l^l J 

f IjjJL |wuaJI jjjjj 20.3 Jli4ll 

,<lC.Lljua dll^^&lljJ (JLutAuiU «,lj.lllj ^jlu^I Aljjil aj^'iu (.\ i .^yinil (^^}^ :A.^dUi.* 

tXii. gjni'lll ^1 LuUIj l^jx *lj.lll ^jajj 4.ilaJI Cllaj ^JJJ J-^W AijJ^' (Jj^J LS^Ij 
(JSjjillJ J^-"^ LS'^ tlj.ill Ala j^pjj ^ij<^L,-i''ii ^jii Clul J n\\ Aalajll SAaII 

. j^Vl Ala, jrik iliaJI ^JJ^ ^ -^-^ .(1-20.3 

. j^Vl Ajjoi jjalall (.\ jA\ a1j£ (!) 

i jkj .Akij <.ljJlj ^..uljJI (> Aj'jiJI Ax _^l V'-20.3 J^l :iL=^l (sj) 
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.Jaja^l ^uuiaJI 4-0 jJaloJl J JJC. JSjjj *1 jjll 
.1-20.3 (J^l <^ Uixo ^IjJ JJJ^ ^UJI iaiJl • 




(^ibu j^oJjj :v - 20.3 Ji^) ~y'->^ " 20.3 



AjIoJ Jio dj^ilj Ajiaa. djlTili. JJJ^ ^^laj (j£-oJ • 

6-2.5 . j*^ 2.5-1 . 1-0) 
.(j^ c^l) mo '(Xg lU-Io.! • 

.(j^ojll ^ ^wW"^ AjjS i nil I il ^>Ail jjJl (j.0 si J.1II (_3a.ii .ji^"^ '. i_yi\jJ)i\ ^dj) 

^Lu^ .3 
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: I— il I n't W 

^ jU iAiAyn'\n\ jLsu -laSa jaJ jjII jj^ «■! j-JI J •^■^'j'-aJI t> 

^Ijill ia. i—lUiia. jljija. .Llaj! jii^l lsJ^ (Ji.JI 

J to 

f 1 j^l jIjLo ' ^' ^Jai. aIAjlm ^jJaj .S^ '^'■^^ ^^J" 

:(?^ = 1 mo J = 0 ) JjVl J^l AjI^j <iAi1I ^liaJ jjj s jjjaJj 

3V^ = ^ = mo mo ^200-!^ 

- Xj 1 mo - 0 mo mo 

y +^=(200-^1? +0 = 1 200-^ I t 
y mo J y mo J 

jjajj 4iUIj3I j^l ' ^''-j JjVl jjj eiaUll cTli. 

. 350 |4,g (jiljLall j^j^l j tUljll j^jill i. "t.-oT^xi jjjj 4 300 i^g 

j^Vl ^ <^ A^jiiiJI (J£l AjLiI£j]) Aj jl j/i ^JjUtx (3iiaj tljJ^I 

= 0 + 100 |xg + 300 + 350 ng = 750 |xg 
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.750ng:A*i(^jl^^l 1-20.3 

Ajjja^ ^jjac ^jj> j»>^l (»SljJ 21.3 Jli»ll 

liKijll UJ^ '"'J^; .-^Kn'U ^ ^U.<-. ^c^uj -J ' ■ ^' (jAullj^^l i^^C '.A^JJiA 

" (jjSjJj .(jUjuVI <aJlj«-a ^ l^Lutlulj f.A^\ (Jj5 Aajl jji. ^jLaj ^_g2j j;-^ -^1 
ULl^lj t^jj-s iii^Vl J (jii.jjAl^lj Qji t,?^' ^ajoiaJl (Jl flt'l I iL>U 1 (j'l'nl t <^ '^.J^ 

(_f^ajjj ^LjiI 8.0 LJS AjtJaslI t*Kiij (jjiluiJj tdulj lilSsjll Ja«-o jj! 4ijLji dLuilj.: ^JaJ j 

.dulj (J.l3i-aJ ojLall ^)JC. (jS^iij (^^Ifl (JjK ^ AjS ^^^^'in i_u£jp Clili CA^jIja 

4iilx]l s-U^aSLoiV ^^)^ ^ ■ ■^"l '.lljlj Pit 11 g-jmlil ^Loi liKaill .1^1 (jl <— ijjx^l (j.0 ^jl 

Jjla^ ^ ^-^ ^ II (jiill J SjJaSJl jj^ ^j'^' J jL-<Jl 4-oUJl ejLall JjSjJ jjj 

Ajiiaall ^.lll (JSJJ sl£la^ V ijfiSl Jjla-aJ j^LoiJl jaJ jjll jJC ^^^lall (JjLiill j -(/a^l 
(j^ljjjj . __>Ail (JjLoJI jLu jjjc .istj ^LaJl ^Ull jj^jJ O^i^J • cr^' ~ ■ ■■•^ ^1 Ac. j j^).a]l 
V jjjj ^jJ-i^ uj^Ljj ^S!ilx. (_jJc. Jai liA J i^jSJjll ojljj j;-.! ^ J^l ^1 jj^Ji 

fjj.1^1 J S ■ I'll jU. A\ All j3 (J.^a.«> ^JoJI jj£j4J V »1.1^ Jaxjj . jj^j^lj 

.i-21.3 (J^l 1-6.3 

(jjioll Ljlall ^i'>i.nll ^ V jSjJl jj^JJ o' <i2LjaVl Ol jlirkVI j . 40 mL/mill (jc 

<jjaj3| ^ ..j^ . ^-i t^^-J • 40 mL/min oc- (i^ull cj^.^*- .ijc 1-21.3 

jj^ .(_j^21.3 4-4_^j^ 4lol£ll tliUUjll J 4 (-1^6.3 Jj-l?JI AinJl ^IjjJl A!.1?J1 



251 



. (jajall (jp. J tjjlj jjSjill (jjli 4 30 mL/min Uijij jLiU J y 

JJC. ^^aXall (Jjla-all (jl (Jgl niTlni liljli lAjbjiij (J-la-alU (-^KfilL j n\ \ nj J-oJ (jl l^jiajj 

.^LJI ^bll J-l£ 4£ai ^ j^li 

Ij^L Lac AjLsiiLS i^t-jLu Jnit'lnJ 



.1 jU2iV) iiUlu :i-6.3 JjJaJII 











( ng/mL) 


y( mL/min) 


(^g/mL) 


y( mL/min) 


0.691 


90 


1.54 


40 


0.623 


100 


1.26 


50 


0.564 


110 


1.03 


60 


0.517 


120 


0.89 


70 


0.478 


130 


0.776 


80 



Pi 



(mL/min) 3a.sill Jj».« 

J.i«) <c jj>ll <*Lsll t> 4i>.jUJl SjUII CjL)_^ - 1 jLlL^/l :i - 21.3 Jl>iil 

.(40 mL/min < tjaill 

^>Ail jJI (j^ 0. 10 g jSjjj Lma. ^!iL^i!5U (Jjli JJC. I Hill Ac. jjj^l AjJaill ^ijj^L-l) 
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"'■in.toxin '"ouLtoxin ^ "Vn,toxin '"cons.toxin " '"acctoxin 

jjb-a^ ^J\ jjij jj sysj ^\ _>« jj toxin j] i— 

lia. lllj tj:^ ij\ t-L^lajjoil AjLaC ^ jj t4_<i jhlnil Ji.jLj ojLaJ 

J.1JI-4J ^ajaJI jjjil 4!-6.3 Jj-i^l 1^ A:a.jAa3l dULull JLastLoilj .jAjJjJl liSSiij 

if^l Jill \'A J ijuoi f^l jjj ^\ i^t^l (jil s J . 62 |xg/min 

-"^out,.oxi„+62ii^ = 0 
min 

"^out..oxi„=62^ 

min 

:Aij^\ (jajd (jx (^^^i^l Jjk^ i^yu^\ ^^«->->1l (jajdll t_iLiia. ^j^l 

62-^^ 

y^ ^^ouuoxin ^ min ^3ligL 

Qut toxin 2 

mL 

J^jUiiU (J^ai ^ ,^^Vl ji^Jill jA liAj a lag/mL 

gjljjll ^Ijjj t31 mL/min (jt Jij jjaHll c^^^^x^ .jj^ cj^^ J cs^ 
jj! jjLoj 4(l_i^6.3 Jj-i?JI) sj-21.3 l>j .^-ojikiJl A^LJl ^UJI 
."jU^VI AJaii" Jja. ijls 31 mL/min 



.2 CU^ :v-6.3 JjJaJl 



JjS jj 




jjS JJ 




( ^ig/mL) 


y( mL/min) 


(Hg/mL) 


y( mL/min) 


2.01 


10 


2.01 


1 


2.00 


20 


1.99 


2 


1.98 


30 


2.00 


3 


1.77 


35 


1.98 


4 






2.00 


5 
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(mL/min) tJajjll Jj»^ 

^jUJI <-UI ijUJI oLjiLou. - 2 jUiVI 4i - 21.3 t3^) 



''^ouUoxin "'"^gen.toxin ~ 
^ ^1 jjij J) <^ jiiiall ^ j^joill jll (^jjlall jA Jm^^^j^ /j? jj (lua. 

^ajJI j^aij Jjx-o '31 mL/min (jc- JSj ^jaij CjVax-« ^ -(o-^j^' oJLa.lj 

<Lla3l oJsLall (^-aiitS/l Jj^JJ^W l^jjjJa^ V <j-S>-^l t33-iill J^x-a ^ jiJI 

J:i*- 2JU Jj| .(2 ng/mL) Jji^l JDb^ 

i^V'+62-y^ = ^ 
mL J min 

aJjUJI eiA AioH-aj .31 mL/min Cf- <-i^ c^^:^.^ .iic iaSa ^j->.,-< I^aj 
fM_|2i^|y+62i^V=['"'jmr„ 

Jo mT . min J «'„ 



mL 

y +62- 



min 

A-aJjQiuJ) ^iVl Jji-aaJ 3-o_pUl Siall Alliui S-IJJJP ejlcL .iji.^ '^toxin 0 tj-J^ 
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mL j min 

AlljUi jj tijj .0.10 g <-aJall 5-0 jiilall ^1 SJjS ^ jL jji. ^ILuiJI ^iVl J.rT.J 

_ O.lOg 

mL J min 

jjl^ 22.3 Jll»A 

^^11 ^xJoLiJI ^jLi (JLaxIlu:!iU 0.21c. <ll«J ' " ..'^ ■■ "■■'^ CjLlj]! Jji?. ^jjj :4JLut« 

*l j^L cs^ (Atropa belladonna) jj^ t> 

, Jji^l JcUJl t> jjiaJl ^jik V .(22.3 Ji^l) 25°C lJjU^ sJ a^jj .iit 

.aJj^I JLaaiuilj Ia j-oj t—lSI jjj 

Alall ^ 3 (_jic. (_g \ ii-a Jajoi j (j^ 1425 g J j>%J 10 e.i- C5 J^^' JcUaII Ja*j 

^Ul .(NH3) Uj-Vl 6- ^jj ^1 1.75 J^j «(C6Hi206) jjSjliil t> Ujj 

e.\ jA JcUJI ^ ^JjJ J^' ^ 

jja.jjiullj (CO2) u-?^j^' -^i^^ cs^^j (O2) aJ=^Vl 2r^-5 •22cm^/min Ja«-u 

Jiuij]l (j-0 (JtlLall ^jij 'jiLlI 10 .^J .(JtlLall (j-a Aji.jjl3.4ll CjljUJl (jAjJa jl jfl'u.ilj (N2) 

Ajuij (_sjLiij .UjjxiVlj s-Lall (_jll SiLjaj jjSjkJI 0.699 g ^ cSj^ lS^' <.i.>ii j 

.1:14 i-jU. jAj ^1 Jjlxall j^Liill jJioull jjj 

CgHijOg + 3.43 O2 +1.53 NH3 ^ 3.37 CH; 27O043N045 + 2.63 CO2 + 6.16 H2O 

jjx ^jiJl (JiS J tjc-liill j£la-oj iJAa^l Jc-lilall .la. (li^ j Jjt i .nil (jialjlaLj 



255 



■ {Dorm, Bioprocessing Principles, 1991. :(> 




:JaJI 



ft 
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O2 J^^Jl jliJI jU5 -t^^ 22.3 J^l 

Jsujjll cSjiaJj .O2J N2J CO2 4 ^ jiJl jLu cSjP^J •N2J 

0^-2 

. JiiUJI ^ (NH3J C6H12O6) ^Ljii-ll J (O2J N2J CO2) ^0^1 J2 V • 

1 Alall ^ 21 J (jja-jjiijll 1 <i-\^ AlaJl ^ 79 jA >l j^JI s-y^jp • 
.g, mol, K, atm, day, cm^ ij^^xUt • 

JaJI e.L<i Aj|.ij ^ jJaiall JjLoi ii-a ^ 1425 g jA (_>jLjiVI :(_>iLjiVI (til) 

.(ajs. jll ^1 run) 1425 g/run jkiJl ^jL^^ '^j 'f^^ f -5"^ 
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QH1206+3.43 02+1.53 NH3 ^ 

3.37 CHj 27O043N045 + 2.63 CO2 + 6.16 H^O 

t_k]b AjjLuII Aiill AjjLixyill a^u^ll j1 1 jlij j 



(g/run) 




(g/run) 






(g/run) 










t>ui (4) Jli 


(3) 


(2)> 


(1) 






0.699 


0 




CeHilOg 
CO2 



02 
N2 
NH3 
H20 

CH1.27O0.43N0.45 



^1 Jill .(NH3J C6H12O6) oLiiJlj (O2J N2J CO2) ci^l jUil o-^ L. ^ 
:<Ll.uJI <]jIx^ Ku.in ^ 13-8.3 aJjUJI 

n, -n,, +a„i? 
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^ oUa*Jl cliLijLiJI J (1425 g/run) t^iiJI IllujIIj ^liJI (j^L^Vl JL«1jIj • 
LfjjxVlj jjSjki] cj^^l '^^1 

mjcHo =0.03| 1425-^ 1 = 42.75-^ 
' ^ " " ^ run 

42 75 ^ 

^ "^lAH.Oe ^ • run ^0^2375^ 



' " " ' ^C,H,0, 180^ 

mol 

^^'<^l J!ia-<JI 4Uj_^Vl O^^aj La .^LJIj Lljj<a!iU 4^Ui* I— lU i n'. jajj 

La .1.47 mol/run csjL^ (^j^l J.i«-all j 424.94 g/run csjl^ 
.75.4 mol/run jl^ j^l j!ixJlj d357 g/run jL^ JixJI c^LJl 

(Ji-Wl f\ jUJ .IstJ .22 CmVmin jEla-aJ Jj.^Ij *I Jcliall (^^iiu • 
jj-v . .,<^) \ ^ ^ \l j_3ajull Jjiji-a I— ll 1 11^ I •'•■< -J 4 JjT iii'lll 4.La cli! (Jcliall 
^ 79 J 21 (jjilaa^l (jj'jin'lllj stj^JI La^j.a Ui^^ Lii^jJ'^^ J 

:Alall 

■60minY24hrYl0day^ ^i^onr 



( 24hr ] 
I day J 



jA 



min jly hr yi^ day Jy run ^ run 

=0.2l| 316800— 1 = 66500— :aJ^-^^ 

' ' \^ run j run 

.250 000 cm^/run -.ij^ jj^ t5-'^>^l ciaull J.i«-a t .u . i->3 A.^Lla Aiji^jj 

Cj^^iui AjAaLsJI (jajjll C^^JJua JjJ^ UjIaI 4j^llall jUJI (jjjli JLaai-uLjj • 



2 72 

82.06^^^^(298 K) ' ^ 
molK 



259 



^2,o, =«2,o,^o, =(2.72— 132-^ I = 87.04-^ 
' 2 2 1^ j^j^ j^^Y J run 

10.23 iSj-^ i^J^^ (3^-^ J^ist-o cS^^ill 4^ (jJ^jjinll Ajoij «.lja.Ljj 

.286.4 g/run ^5 j^j t5^' ti^-^' j 'mol/run 
La ^ .18-8.3 a1AjlJ\ JLaloiLi /is^l JcliUI .iUJ jjVI '•■'<-; • 

moll 



0.2375 



Bin- =0.2375-^°^ 



-(-1) run 



0.96 mol/run j ^ jjauu^bU 0.793 mol/run Ji^^iaj i^Lla Aiijiajj 

./.la-all JclidJI jjS jliJI (jjll 4 jjS jliil (_5jij-<all A-ajall Jl I jkj j .Lu jj^ 



3,c.H„o, ^^^^^^^^^^ ^ runAl80gj 



mol 
run 

:(15-8.3 aJjUJI) 4jL^ cUi^ c?ill (16-8.3 

^ 0.2375^^-0.00388^ 

y ^ "i.CeHi.o, ^^3,QHi,o, ^ run miL = Q 98 

"i.c,H,A 0.2375 — 

run 

, , fo.2375"^l(0.98) 

^ ^ "i,c,H„o,/c,H|,o, ^ I, run j ^ ^ ^^^^ mol 

-^C,H„Oe -(-1) 
^jaJI ^^^^^^ (_lLui^ ljjS-4J ilajLu (_! J.4II Lu j.aVl (.ta-aj jS j3j • 



«1.NH3 -«3,NH3 +O-NH3^ = 0 
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^=1.47i^ + (-1.53)| 0.2336^ 
' run 1^ run 



m3,NH, =n3,NH M^H, =| 1 • 1 1" I = ^ 8.9^^ 



run 

molY 

run X mol J run 

"IJ 1 11^! <^^J lW^""-"^-^ ^^I'sll j_33jLill (_^Ii3«-0 -^W^y 4 ll nl « (JllLLul^ U^^J 

iLuiSI 27.0 g/run 61.44 g/run :<^jJiLJl ^ ji. ^ ujJj^l 

^ Aiijj (J.i3«_<J LijUjiA (Ji.Jl jjj^jjiu]! (_3ajj (J.i3<-a (jj^ (j^ > _ -UJ^^)^' 

^jaJl ^ aSsJu (jjSj |jJ J 44-0 (jAjJa (Jcliii V -uV J^l 

.286.4 g/run Lju^ 

^IjJ jl.^ ujLoiaJ jiiiall Jtlijll jjc A^UJl o.iUl ji^ljJJ 'I j] .lllUill 
:s jjilall Ajlclioll 4-0 jJiloU SJjUil 4jJ jJI 3J.2lji-o J-aaloij i^JjJaJI 



0-0 + 3.371 0.2336^1 = ^1- _=0.787i^ 



run ) run 
4-o£l jLoll AjjjaJI a1£1\ Jj^j .<!jj=>JI ^hW^^I ;^jbiomass jl ^ijja. 

:26.45 g/mol ^jl^ ,^111 (CH,,,Oo.43No.45 ) '<iJi^^ 



0.787i^^Y26.45^1 = 20.8^ 
run Jl mol 1 run 



:<>UJt »LoJlj ^1 jLoll JjLoJI jjli lil .1:14 i^jLoy 



14| 20.8^ =291.2-^ 
run J run 



accwet biomass acc.l 



291.2-5 — 20.8-^ = 270.4-^ 
run run run 
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< ^ <1 . ..^ t e^jiiall Ajlcliiill 5 ^ jk.^U 2 .1 . ul i'W 5h<\ l aJjIsi-o (JLaaiail (jVI (j^-»J • 

r^jiJI ?.Lall (JSJJ 




.(jjoiaJI djoi ^MLiMa. (JclLo CiU jLo JjS (J^-^ CiV-is" :'-l~7.3 JjJ^I 



(g/run) 


(g/run) 




(g/run) 








(4)> 


(3) 


(2)> 


(1) 




0 




0.699 




42.8 


CfiHiiOg 


0 


27.0 




0 




CO2 


0 


61.4 




87.0 




O2 


0 


286 




286 




N2 


0 




18.9 




24.9 


NH3 


270 




1110 




1360 


H2O 


20.8 










CHi,270o.43No.45 



.0.234 moyrun c?jL^ J^Uill J.i*-j .jjSjliJI ja c>UU1 :ajj=.VI (!) 

<,UJI aJjS f^y^ a}j[iJ, t/j'-^j -20.8 g j.Lji J>U. JcUJI ^ 
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2L, jikiJl ^ ^1 Jill jA liAj .291 g est .(20.8 g) AiUil (270.4 g) 

.^y S 

AlAxji JmuAj JjLJl t> jaiill <LiLi 2j Uj^-oj •q'^'-'' (' 

JcUJ) J\ Ji.)J JSUI Jji. UI«iu.l lil .2-9.3 SjjilJl 4iUJl iiUaJVI 
.(<_^7.3 Jj:i?JI) jUil t> 373 g/run ajj.u:=^1 a^I j .1425 g/run 
.1504 g/run ^1 tia^l cSj^-j '2:>11 t>J -1798 g/run lS^J 

1798^ — 1 504 ^ = 294 ^ « 29 1 ^ 
run run run run 

?.Lki.! ^Ji\ (jjsll (_s j*J u' (j^j '291 g/run ajjui-^aII ^Ijill k^l oIa j 

iJJjiaJ LJojI lir ^ jj .Aj] j aJj^II i J.iiiilj tAj^ajaJlj <A (jSJoll 

4jjLLftj£Jl dLylc-liLiil (JliLal Ajjl^^^] <aj^)ia {ax^^^lIxA J .Ailii-all Clll ^^jjlIaII j t " i1 

AjV M^i^l 1^ ^1 -i^^l ■''^J^\ Ll?.t (> ti>Vt CjL^!lk 
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jll J ^^iaaJI j>^jll J (4 Jj-asll) AjKII ASLUI iiliajl (j^aij IjJteJ JjLu-o JaJ Jnu'lniJ 

.(6 cUill) iiilLllj (5 lUsII) ^j^Wj*^' AjJ^-j .(6 cUill) 





+ 


2:> - 






















































J, ^-..il 2h< 








X 






























X 
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jjc 20 cm/s A£^jxji^ ^\ (ja^j .4j_^.iJi Sjj^l ^ J (J^l i^ljLij^i 1-3 

iO.l? cm t^jLuy JjVl jias C(ji^ja ^J\ o^Jj^' 1^ "^-^ "-'^ u't!>^ 

jj^A (> JS ^jiijj .0.15 cm csjl^ t^ljll '18 cm/s ^JI (iaijj 
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0.15 <J^ jlaS jjcjs 0.17 cm sjlaa csill cJlij^\ ^jiija -Ljajt os^^jsil 

tjsjj J.ix^ t_L^l .0.12 cm lJS ji=>3 jjc ja ^jiljj 'Cm 

5^ jliio J J£l ^ J ^liaj Si ^ jjill (>» (J£ Ajcj^ J 

*l j^l AiM t^jLaij .200 mL/s I^js (ja.iill J:i«-« cjjLoiij -Dq =1.8 cm 

.ji^ ^li J ^ jiiij .0.00018 g/(cm.s) ^jl^j 0.0012 

t (JS (_5jljaiJj ^jljjLuiLa ^jini^aflll ^JJjIa l^jiaSj 4^23.3 (J^Jjill ^>^l) 1 (Ji^' ^jl J «i i in 

JjaJl OP- tS^j 1 Ji?^' (> g;^ JSJJJ •(^'^ J^l jiaS (jx AlaJl 75 

^ j> AixJI 75 iS jLuj jSj cAjjLula 2 (JjaJI SjujVI ^ jjill jLka! J .2 

Lajlj iS ''"'.'.^ ^.■^ ^jijll (jx JaAjJI IIa j i nj j .1 JjaJI 

^ aJjSII J.i«-a) itIq <!V.iJ n v„ «■! ^jkiJl ^1 aIAju^ • _ "<i (!) 

^ ^ ,_^| .(^1 ^\ ^M) p J (^li; j3l jiaa) Doj '(Ji^^l f^j) "J '(0 

.12j 6 aA?^-^l <^^M=^' *1 
(JjaJI 4Jj£]l t3aij (J.i«-<i) <JV.iJ m Jj^JJ 4Re„ (_>*i.i]jiij j.i«J a1S^3u>. t_jjSl (t_i) 
o-^j^j -i-^ M-^l -(^Ij^JI ^jjl) (ij (tff-^jll Dqj 4(J#JI (^j) nj 4(0 

.12j6 oil!^! ^ 
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jijj^l oujj SjjJI g^jSi* JiLui :24.3 



Ujj 50j jjjlja^jll j>i Ujj AjJI 2.5 <_jic 0 jill ^jiia (JjL-u cSjiaJ 3.3 

ijjjSjLui) (ja Ujj 50 j^jic jAjjjill ^JJii^ .AjL<a ejLo (^M' J 

.5jLo sJlLa jA j_5aUl J 4«.LJI ^ bjj Alall 18j 4 jjjluiS.JI (>a Ujj AlaJ) l.Oj 
' ^Q-^ ^ j^j^ ^UjV ^Lftllj dj^l ^jiLa (JjLoj ^-0 J.ljjjujll 

Ujj ^ 12. 6j t jjjluiSJI Ujj aUI 2.0 ^Jic ^jiJI jUj lSj^^ 
Doran (> ^^oujLi) .(24.3 J^l i^j iji <!U.jy j^U ja j 4 jjj^' 

.(PM, Bioprocess Engineering Principles, 1999 

^lilla. ^ <lluuJI 0 jA uyLA jA U (!) 
^LJlj SjLoII o.lLa]l J jjjijJlj jjjljj£.lll (jAlall ^ ) ^jj^' Ajjloll (-Will ^ (m) 

^ jsia JjLu jLu (_3ajj J.:*-<i s.Lill jUj jjai Jax-o ^ ^('^) 

j> .I'ia^ Jji^ J-^ dh- ij>> M jJa^ jUj i^Sl J.i«-a Alis^i (jjl 4.3 

diljliJl (.iiljUj (>o -^jj ^ V^J^ /2j'iSf (Jxlsi-all (^j .jUill csj?^ Cy 

jLij I^JS SjjjJjoi (_J.oU<-all ^ Aa.jJj .(AJc-liiLo JJC. dlljlc. (Ja^ (JllljLij) 4XoLaJI 

^j-O A-li J-O 4 J ml J 95 (_^jU>JJ ((J-oLk jlc.) (j;!^ J^A?^^ ^ Jt'l'l jj£jj 

^3a.iJ J-i*-aJ U^^^^' ' (3^-^ (J.i3<-« Ai.laJi3 J .<1<JI ^ 5 c^jUjij (jJauaiSVl 

4jJ Ajikuj (j1 (jjjjja jUill (>o ^jjc (jjajoi^l jj^jj <3*4j -16.3 mol/hr c^jU^ij 
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(J-aaJ (JlllaajLill (j1 J (Jcliii (j\ Jji^a^ ^jiljpal c^Vl^ «ij .<lall ^ 10 j'-^ 

Aj^I ^ 95 (^jL^ Ajjuij j_jic. (_^i31 e jjjiuill jLij (_3^-^ (J.is«-o > _ I I ^L_i^ 

^LiiVI o-LiSVl 4iij Jaj V-*^ H J-" 4*^ 5.3 
ajSjj 4(isotomc) JjjSlI (^jUA« JjU j> aUI 50.0 tfU.^iJI (..Jl Uli. 
^ jLuij Ajjjj Aioj ^ ji=oj .(serum protein) oliii jjjj (tj) <_hu^) 

t^LjaJjll ^.lll tllLijS j>o Aiall <^ 1.0 (_jlc- J tAjii^nll (JjUij j jJI j> Alall 50.0 
.«.l^>/i^ Li!>Lk ^ t>^' CjUjia-o AjLj 4 jp j^JI (_5jLuiLii JjLoi Alall 18. Oj 

. jjjjll jL^ JjLJI ^ Alall ^ 100.0 ^ L5ii=^ {^) u-y^' 
AlA 12.6 J cjUjS ijjj aUI 2.0 -i^^ ^\ «^J5 jjjli J 

.AjL^a* ' ' '/'J J' ^jj 

(^jLAo J^UIj *L-^u3l ^jJI ^IjjSj j^l (.^1 cjUjS JiS JiUaJl cjVjU- siiSI (1) 

(_>-ij£ in-|n JjLJIj f Ij-^^I dlLljSJ AjjUI > jmlll I 1) 

Alal) 4^ 30 cUalill (Ji..l]| jLu (^JiaJj . jLiill AjL AjjkJI CjU^^Lall J. 

i\pLLl\ (> Ujj Alall lOj i J^l t> bjj Alall ^ 5 ^^Ic J 4 Jja^l (> Ujj 
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, ^ hjj i^A ^ 2.5 J 'IxiiJI (> Ujj <U1 ^ 90 l^iUJb ^1 jliill 

.t.LA\ j> Ijjj 4^ 7 J cJja^l ^jj 0-5 J 

AijU^ jLoJlj LjjiS^lj Jji^l lo-Ua.Vl ^\^\ c^VjU- (1) 

s^Ull ^xiiic. jjlj J ji\ (hemoglobin) jjjjIc. ^Jc ^lill Jj^ jl^ 7 

^ 1.0) jajJiJiljjJI CjUijj jS J (Ijjj <l<lll 1.0) jajJJjj-all AjJjKj (jJJjlc. J-aJ^I l. 

CjILlu jSj 20.0) j>jJj_^l -liJjKj Alall ^ 50.0) j>jJJl_^l 

J.l*-all ( nil (jJJjic. J W (j^ 2.0x10^ g j^^lc j>J <-i^ L^J'^J -jiJ^^ljjJI 

,.UI Jc ijjf^\) Jji^l sjltV (J£l 8.0x10^ gj^ eiUJl 

.ejjSlall <!tJjVl CjL£^I j> JSl Ajjjjll ^jjJl ■^-^(S-') 
.^LalLj JjL^I (jJjSj SjIcI :i*J <jauiiJI CjU jUI jjx ^jjll Ajjlall 4 1 mill Jia.(clj) 

(J.la-<JI JJJjic. JiUaJJ 4j31 ^Uaj ^U^VI jl^ jA La 

.lU-all Jjk^l Ljjj Alall 19 jLji 

CjUV jll s jjj£ CjLl«1j (streptomycin) o^-yLo jlijlJl ^ 1 j:i 8 



268 



^ ^jjj^^l AijjK (> Ujj SjJI 5 J AiiaUJI ojUll Ijjj aUI 10 (_5Jc- 

^ Ajjajll I jAL^ ^jaJI jLii (jj^ ' n*> '^.3* L)^ 425lj3l diljLull .^Lall 

jLjj ^ *l jA\ 5^ j! jiaU ^ j^l jLjj ^\ *■! j^l ij jLiill /jia. (!) 

.Ujj <1(J1 10 t^jljoG ^ jiJl 

jiJI jLu ^ Ljjj aU\ <^ 3 jLujj SJiaUJl SjUJI j Ijjj 

?^ jaJI jUj ^ ^jjJ AlJjKJ 4jj jjll Ajjlall 4 1 mill La 

. (jiiSU-all sUj'il M^J^^' c> ^j'^' s-"' j?^' (i^-^ (dialysate) (^Kll ii^^ 

ifjjjLijll (jjj Ijlfcij Ajja. 6 jjt I .-ill tlillijail (—jjjUVl a JJT i r-i diLoLabo ^-tuij 

^ jjjJl ^3aj L«A 'jrjUJIj c^^^I cii^^ JjL-- ljjS j i^JVl ^^1 J^W (»J 

200 J.i«-aJ (ja.ii! C) J iJ^'-^ CS^ CxA£.\a3 ill jJLa. t>ajJ2l .(jjJ /J J-ojif-) 

.400 mL/min cs^' tJ^^ tJ^^ d J 'inL/min 

j> Xal£ yvi ikb .(pheresis) s^L^ <J1 

.^xjoiaJI ^.iJI AjL Auuj tAja sJja.jJl La_pLJI Ujj aU\ ^ 80 Jj-aaij j t^.duiaJI 

W;=0.05j cjUjS w^=0.40 J-l^l (.J cjUjLJl ijli^l 
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(> 1895 g _j ^ jij 1 1 ni ^j! (jia Jial Wp =0.55 J i^Liajj i-iUjS 

^ ^ t>«l^Vl JiS)j2 :9.3 JjJaJt 



^Jil (Jiuift JSLu. j^jj 
(mM) ^Vt 6- Sjl^l 


(J^«c. J2U j^jj 
(mM) 


(mM) 


(g/mol) 




133 


133 


142 


23.0 




2 


1 


7 


39.1 




29.2 


35.7 


14 


61.2 


HCO3 


3 


0 


9 


96.0 


HPO^ 


125 


125 


100 


180.2 




87 


0 


200 


60.1 





(jjjlll J ^1 4. ,':Sl \ AjjoiLol^ ?.I J.i (_3J_fJ-iil '-yj^ sj^W- Olc.1 CiaJj^f 11.3 

^ IgMj IgG SjL^I i»L^Vl 

^ LaA JJC. ^ (Jcliiill (j/i » •'t ■ ^Luia.Vl i_LjI£ j IgE (>o (jjLlJa jjjl.lLa ^ 4sLiJI 

jLjjj IgG SI t>a (J^ ji^J^ ^ 1 ^"iflfli f-i (J I .-1^11 oAa. J ^ jLu I— 

^jLall S.lLa31 • jiJ^J^I IgG ojUia-all ^L^^\ sjjjAui ^jijj lSJ^ .iS] 

L_! .^L_ ^Ulj .w =0.40, Wjg^ =0.025, w j^j, = 0.0030 Jill. 

(_!_£ Jjll J .^La j^LlI J 4 Wjj^i^ = 0.10 Ij^^l llmJI ^ (_5 jl:^ jjjlll (_±£ jj 

: jA ^ jjiall jUi] <_1 jlLuJI 

AjSllj .^L, . WjgG = 0.15, WigM = 0.20, w,gE = 0.0040, w,^, = 0.01 

. WjgE = 0.0050 jl jAigM 
JgE dgM JgG) wsJl 2L. jliiJI cjUjL. j> JiUaJl aJjU- <_l5SI (!) 

jJl (pUI JgE JgM JgG) ^ jJiiill cjUjL, (> Jll iu«\\] ..hn->l (cj) 
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.IgM SjL^I ^WVl 

poly -L-lactic acid ) ojM 

1 ,Ljj^ ^S£iil3 JjUll jA\ cjiJ^ 12.3 

(Jclij jia^ ^ 'lW^' (j'^fl** (Jclaijj .aj« i'ini« Sjjjjjoi J ^t'iu'i 4(PLA 

1 jLiill >il 4 jLull Ji-!j ' J^IaJI 3j 2j 1 cjIjUHI Jl^ .(25.3 J^l) 

2 jLiill (^jia^J .0.40 jLull Ajlj^l Ajjjuij (_^jLui (_5jlJl jia-all j sUl j_jlc 

jLuJI ^ U.I ill J .PLA .lAxJ-all (jjill J^oJ _JJJ jLa-JI j jjjlll (_>iiA^ j tLoll 

cjLjil^ ^>ij .(jJll 0.150 .jL^ 0.020 cPLA _U 0.050 :^ 3 

0.10 :^iiVI 2uli^| ;_L.^| ^ (^jll 4 jUll ^/ ^j^j Iai=. cjIjLuII 

jLall ^ jjjlll (jla-isJ (^ij^l (ja^Cill La! . J.lalaJl (jJll (_via.aa. jaJ jJ 0.010 J jia^ 

.3 jliill t> oJll ti^^l J^' 10 lSj^ 2 

A*jjVl ^_^l CjUj£« (> JSJ <liS]| JiU^I <JjI*- t^l (I) 
.AjtjjVt i-il jLiiJI (-boia.! (i-j) 



r 

® ] 




i ® 















.PLA — Jl ^iuaJ Cllja. jll sJ,i«J.a ejJJ^" t> J J :25.3 (JiwJI 

5jai.i%Jtj ^jjjaJI 4jai.%5l illliuiadll QA ^ frlij^t i_iLjfil ^Lic. ej^l Jni'ii'i 13.3 
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4-4 jj^ a jjT I <JlM S-UjUVI (>> sJIc jW^l d-^J -^Ji^' 4jjLl<ij^I 

(jc ^LilVI ojij^j^l CjUjUI Jjt tj^j .(1-26.3 JIj^I) Ajjjfil ° jjo"' 

(_^Lu ^^^L^ L_l Jjjfj t«.l nlill cJ^i (if^^*^ Mj^^ l—iUifil ^Lic. S jjjj&J 

.(s^26.3 J^l) (^1) ^ jUJI >JI 

LlJLsJI (jist-o (J.ist-0 (_^jLuiJ t^la-o j:!^J^^ pUjaJl i—iLi^^l ^Luic. sjj^^ (Jajjij 

iLijil^l (> Ujj ^ 1.0 (> (J^.ili t3l«-« ujSljj . 350 kg/min ^-jUVl <ji 

(_5 jlijLl jjai (J.ix-aJ ^''il'>ll jj^l (jj-o (^La (JjK <^ iJi.Ajj .s-Lo Ajjij J^JJcl 

^>ia4 ' tj.^] (^'^-^j slj^iill MJJ^I cs^ Ll^^I cil*-* cs^j 'j^j -80.0 kg/min 

. jl^jaJl jjAjJa f.U3iiil i^^t^ lilj 4pLi3ul1I JjJC slic ^jU'ui' V .1^ sjjjS 

IxiiJI J (>=Ji3l .Ujii^l t> Ijjj aUI ^ 6.0 Jis^ ^ j=Jl <^ Lj^l l5 j^j 

.(Doran PM, Bioprocess Engineering Principles, 1999(> 
.jrjiJt 4^ ^^j-ll jLullj 4^ LP^I til" jUl ^1 tjajiilt ^ax^I (!) 

■ slAxIl JJC «Lail 4jj£ J.liu i—lioi^l (l-i) 

.^JJ, ^ \pdA\ t3k- jUj ^ ipUJt aLS jai (cj) 

(j! jUic.1 (jS-oJ .(27.3 (JSjill) ^ jLu .'iN . uiti ^jjjijp] ^jjUic. 4-0 jlalo (J^aaioij 14.3 
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:i-26.3 Jlill 



jrj>«j itJ - 26.3 Ji*2ill 



® 



lUc. :27.3 t3^l 

JJjjjjpl Cllj^jll sJ.l«io 



(D 



(D 



(> 30.0 mg/min (j-a!i:kla,l s^Liiil •" cij^^* f-^' 

25 ajIjS 3ajj t^jl^j ttij!!^! (> Ujj aI^JI ^^i 0.17 (U jLiill) 
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(R jIjjII) Ua^I jjJj ijjjLij ^Jl tj=>4 t> jji>JI .g/min 

(F J^') J^Vl ^jijj t«.ljiiJI Jj^J (Jj^ ^jjj-all JJC. jLlJ ^1 ^-1 1 

aJjS (jsju Ja*-4 tj.n'>l .(F jLiiJI) ^j-all ^^1 aJjS tjajj "^^^IL* (^jL-ij (R 
.R 4F tA cjI jLull ^ Ajjjjll l(s-'.""'j cj^l^l 

iU 'F tW CjI jLull ^ |*Jal9JJ ilu2>J 4jLa*]l Jxl£ J <x jiala J jO^ ^jl t*^ jl 

Glover C, Lunsford KM, Fleming t> A^-iijia aILiJI) .<jjikJI CjU 
JA, Conservation Principles and the Structure of Engineering, 

.(1994. 

(JLojUjoilj ^ (j.iiLkjjuiJ tjjjluuiJI Jjc- (jJ^ t!>l!La .^!vLa t ^ 1 j.'*! n ^1 

jLull tj^Uia jl^ 4JsLail jj J.,oq\l lift j^j -(butyl acetate) Jjj jJI cll^U. 
1.00x10^ Ibm/hr u-ai^^ .28.3 a?f» jA U t3aj t> ^jjSx 

AjLj 4 jjijoLmll bjj Alall ^ 0.50 <_jic. (1 jLnll) J^oll jjLoLmll jLu 

Al»lt ^ 30.0 (4 jLull) Jijj^l aJjS t3a.ij J.i*^ L^j^jj .^^l jA jW^I 

.(1 jLuJI) ci^-^' CS^^' jj^'-J'.'^l (_3^.iJ Ja*-o (j.a 

Cj!)U. jLull 4 jjLniill Ujj Alall 3.0 Jic- (3 jLull) J^l 

. Jijjjlt ClL^Lkj (jjlunijilj #.1x11 (_jJc. (6 J^l) l^J^^J 'i-lPj^' 

lillj Ajli^l Aj^I ^ 1/4000 l5 6 jLiill ^jl.nyill aJj^I J 

^ 98 c^l .Alall 98 A>'UJ (^jSfl ^ Jj.^ J..o^jj .jLull 
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j> Ljjj aUi ^ 2.0 J Uj\.nj\lll (> Ijjj Alalt ^ 1.7 iLa^i 2 jUll ».L»11 J 



(?) cS^lL 










I 


II 















.(jjluujJI ^j^a^JliioiV tjiiJ^j (j* (jj^ (_>iiS U l« pj<».-i""i :28.3 Jiwil 



I Sii. jll Jj^ Ax jJala jajjjl ^ 46j 4j 3 J 1 clll jUill <Jjlia^l dlLa jLtxll 

Ajjj*-4 ^lijt 5 jt 4 JLiatLaiV jCla CLu! J .Ajjlia-all CI1L4 jLi-all .la. j 

. jLjj JS ^ ^LjKll Aii^l (3ajj J.i*x <j,,i-.t (!) 
till jliill lAJj^k.jl lisj frUll J J Jjjjjll c1l)UJ Ajj jjll Ajjoiill J*:ii.(4j) 

.it I J jxuljj jA (poly propylene fumarate) (jJjjjjJl cA jUja) ^^jJl 16.3 

(JjIAiaII ilJjK 4JJA« .^Ua*JI ^jj '"'^'j.'^"' (_5^ aSLiwIuiV 

Ijiijj .ZnCl2 ^jil ■^jjl^ t> JUutiuiU (methylene chloride) 

10) JJ^ j'-^^ C>^J^^ tjj'i'^'l (jjiLuil (_jlc. 4-a jialoll (Jaju jjt t J-^J .29.3 

.(jjiji^ jll 2 -.^ \1 . ,i;iJ jUtiuiAll JxJjJI jVL Ajjjjll AjiJlj ^ ((Jilt 

10.0 J ij^ Jjll Ujj Alal) 40.0 ^ ^^U-all JJC. jaJ jJl J jkx c^jla^ 
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Aiall ^^ 80.0 ^J^J -S-y^' t> ^Jj CS^ 50.0 J t jia-all t> ^jj 

Ijll . J-aJ (j-a Ijjj Alall 80.0 (_5ic. II JjjoulII 6.1i.j jj-a ^jl^l ^ jjioll jLlJ 
.1 J j I nil \ \ ijj^ jVl li^lLajiala jaJJiJ t J->J 



















I 




II 











tjiU«iaU JamiT. J :29.3 (JiwJI 

.(jjlujjJI ClIjLn jS jjII Ajiu 
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3 Ji.Jil 5iJi 

4 ik^l AJaJi. 



cii.J Jai^U. :i-30.3 JliiJI 



1 Ji.ill Uuk 

2 J^oll Uyk 



II AjjlkJI aU.Ull 



J <^"i L n a ^_jic. glijj JaiiLiJI (j^ CjljLjj AjtJjl AjjiaJI (jjiljall ^"u^<^ 17.3 

A ,,.yVa^ AlLoiaJ CjIj^iIj JajLLa ^^gJc ^ ^ ■ ^ ^ <_! JC._><1 iaJ^jLi. 

.(Reklaitis GV, Introduction to Material and Energy Balances, 1983. 
.(i-30.3 J^l) s^lj 2:> s^j 4j 3j 2j 1 J^J iailk cjljU ^ (1) 
Gj F cjli jJl U .1.00x10^ Ib^/hr I ^K''^'! ^ lS^^ lSjL-! 

SUax-a ^ jiJI 4 kjk J Ji.:ill iaiii. ^ Ajjjj]! 1^ unl j cAAiial jUsl LllL£j-a Kj Hj 

^jVl JaiiiJl JUjI tjai d^V^ .10.3 Jji=Jl 4^ 

1 ^ jLail t5^*^ u' ^ 2j 1 (J^.l3l i '^jl-N t'l* c ji^l (J^f^ t^J (m) 

Jj^l ^ slLx^ Kj Hj Gj F cuuk L^lj 4(sj-30.3 J^l) 
jLij jijJaj ^ .0.50 c5jLuu 1 ^JLaII ^ji. jLij <^ F ajjouII j .10.3 

Kj Hj F CjUk jJI ^ 5 Ji^J Akjlk .n AjjlkJl UyliJl 

4 jin'ill ^ jLoijj .F lilij ' "a.^'i j_^jLuij H i_i£^>a11 Ajjjjll im'ill J iJaaa 

.ilt G — S cJjl-ij '0.40 <jjikJI II ^UiUll ^ F — ! <ujjll 



277 



.1.00x10* Ib^/hrj; >il ^ II ^OnAsJI aLS ^jaii ^jL^j .H _! ^1 



.^jsJ, J Jijil ljjSI jj :10.3 JjJaJI 













K 


H 


G 


F 




0 


0.20 


0.20 


0.60 


1 il^ 


0.20 


0 


0.60 


0.20 




0.20 


0.60 


0 


0.20 


3 


0.60 


0.20 


0.20 


0 


4 (Ji. J y-yk 


0.25 


0.25 


0.25 


0.25 


I ^>JI ALjk 



^ jUl 4iklJ (jjl jLull cjlj jUI 1.11.1111 J cj| jLiill (J^ 

n 4 Ujk II AliS (j^Sl (^jUnJ diiaj <Jj2>.V| C-ij^' •'^ A^jUJI j 1 

.l.OOxlOMb^/hr 
t3a:iill cjV^ -U^j 2 2; jUl Jj^ 4i5^l iiU^l CjVjU- <_^I • 

^ jLJl 4iklJ CjI jLu]| ^tH^ iJ '^^ J^' (i^^ <.u.rill J Cj| jUJl 

n <IajlaJl aJjS ^jSJj J.:*x jLjJ lllJa-J AjjI^I 4jja.Vl ' . .<La 4^jUJlj 2 

.1.00xlOMb„/hr4.jlkJI 

ZrCl4 + aHjO ^ pZrOj + ?HC1 (1) 
CgHj^Og + aNHj + ^ /7C5H5NO4 + qCO^ + rH^O, RQ = 0.45 (m) 

CH2O + aO^ + Z7NH3 ^ pCHi 8N0.2O0.75 + ^H^O + tCO^, RQ = 0.3 (^) 

(^) 

C2H5OH + aNajCrjO^ + ^3804 ^ /7CH3COOH + ^Crj (804)3 + 
rNa28 04 + sH^O 

.(5-8.3 aJjUxII) o-a^l RQ 
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AijU^j .CH1704N0149O0408 AjjjaJl aL^I gin 'JjilijVI o- {cerevisiae 

C.H^H + fl NH3 CH,,o,No,490o,o8+^ CO, + 

r H^O, RQ = 0.66 

C,H,,0, +a NH3 ^ 0.59 CH,,,No.,Oo.45 + P C3H3O3 +q CO, + 
l.SC^HjOH + r H2O 

jjc. c^^^ jA (jjjVVlj .(alanine) ofj^^Vl cr^' ^ 2^ 19.3 

pyruvic acid dOO mol/min J.ia-<u glutamin jj-aUjliJI 

ijt\ ^ jiJI ^ ^jiuaaJl (j^a^ jJI (ja.si3) J.i«-4 Ajioj J .50 mol/min 

:0.6 (^jLji 

CsHjqNjOj (glutamine) + C3H4O3 (pyruvic acid) 

C5H7NO4 (a-ketoglutamicacid) + C3H7N02 (alanine) 

.y^UJl oJ J (\) 

^f^' ^^^^ ^^^^ J ^jxolj^jiiA] ^jjj^jjij]! ^jjJ^j^Ull jjli 

.sjjI j i.ij!;Uliia c?t J ( a - ketoglutamic acid ) 

J J^l ij:^ J^liiVI (acetobacter aceti) JiJl LjjiiSj Jj^ 20.3 

(Jjjaall (Jclij .(JiJl (J>l<1'» ^^')/ ejfl'lnin JJn-t'l OJJJAul 31.3 (JSjoJI ;jJJJJ . (^jJajaiSVl) 
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CjHpH (ethanol) + 02^ CH3COOH (acetic acid) + 

(Ji.ljj .1.0 kg/hr J.1X-4J JtlLall J^jliuVI iJiC c^iJI Ji..lll jLu Ji.Ai 

cj| jli. jLu JcLLJl j> ^ja^j .40.0 L/min J.i«-«j Lisj! JclLJl ^1 *l jA (jjUUa 

. jjlji* (Jc-^l 0) 

J C2H5OH _U j^l tj/j^l 

Cy^ ^"^-^ Ic-^ 
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I j,4Aj-o J .^Lall Jj^jj (propane) oWjjj U-Wj^' Aj^^ t^j^ <-r>=»4 ^j:^^' L^iliJI 

«.IL1 (jJ^ (jLjjLbiill IgJ (J^a-aj liyLaJI ^1 laVil jjl I ' - ■ ^"'^l (JtLaluil ^_jlc 

(jjjjSll AiJoiSl j^IjJ ^Ij3I Jjja^l (i*=4! ''^ Cy -25° C sJjaJI a^jj ^ JcUJI 

(JSUI jUj ^ ipUJ] jaa Vj .1680 L/hr J^^UJl uj^J^' AJ^^ cr^^ 

.0.00197 g/cm^ uj^j^l cSjL^j -^^^l 

?(mol/hr) Ji^All ^ ^pl\ jUi ja W{c^ 
?(kg/day) jWjj^^' t> (^ji^l c^V' J-^ J* '-^i'^) 

.AjUyi jL ?g:5Ull jUll 4i4 JcUJl (>Ja o^jjJl jjSjS Ja (2;) 

Jtlill Uaj ^Vl jliJl 0:^1 J] jjS jliJI Jj^ 22.3 
C^^^O^ + NH3 + 02^ C5H9NO4 + CO2 + H2O 

^jJaj Ljaj! ^j^^j .(iLojm^ ^^P^ Cy^ (Jc'liii]) 1.1^ ^^Ijjlxll ^1 UjJ^ (J' j 

(jSJu cCllLu^ Lj!>Li. (_jic ^iaiuu ^Sj^^ (JtlLo 4^ jialo (jl (j^iajasl 

NHj-Sl .1.00x10' mol/dayc?jl^ J^^ CgHj^Og JjSjkJI 

o-U ^ 1^1 O2 -SI i]^4j .1.20x10' mol/dayc^jLu^ J) 
J ^ jial .(A£!i^l J Lj^l J_y^ J lW^) JSU ^ 41a 1.10x10' mol/day 

J.l«-4j /jla^l Jclilall . RQ = 0.54 (Jtlaill (j jl J (i) 

. jjS jliJlj Uij-Vlj lH^-^VI j> 4^1 Jj^\j R (>Uill 

ijcliall ia.jUJI CjUjLall j Ajlilll (jSJiiJI CjV.l«-a ( Ji ii'.l (1— i) 

i^LiKll cjV^I o^j 4ii£]| J ^l(cj) 

(_5i^lj .^Lallj ^jjJjUl .liui^i ^Ij IaLm-o jjSjliJl JJpa-l t(_^jlaJI (_l)U1uiVI 23.3 
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L« gij .(Krebs cycle) cwj^ s jjj jjS jliJl Jjkj s jii^l cjl jkkJI 

1 CgHjO^ (citrate) + a HO^ +b PO4 ^ 

p C4H2O5 (oxaloacetate) +qll + r CO^ + s PO3 

cjlbj J .(oxaloacetate) cAiJ\ jll jSjVl c> -^1 j ^lsj^^ uj^ 't^Sl^ (citrate) 
CgHjOy— SI (> 0.10 mol/day e J.ila (jsjj J.i»x (_pa jial .o-jjS s 

.^J HI ill 

•SjTjqjpjbja (JcUllI JHol /jl^. j tALLJI SJjU-all j jl j (1) 
n.O t^jL-u CgHjO^-U Jj^l Jx^ *U1I ija^ ji^l jl^ jA L«(sj) 

CgHjO^-Sl ^1 lMI u^j '0.80 ^1 Jj^l J c>=Jial(c:.) 

jJI (jSJoll J.lji-aj Jcliiill I Jni'.l . jSa^l Jclilall jA La .1.0 jL^y 

•PO4J PO3 ^lin^L^^I (> 

cj| jj Liii^ A^ii^l (Escherichia coli) Vi^ji^\ A^jpja. j> JjL^ Cj^^c. 24.3 
.il jJI (JjI j! (_5^t dulSj .s.ia. jJI cjbiijjJIj (peptides) cjlimJI ^Ijj] 4^1^.1 

(j^U niVl 4jaJU^ (humulin) iSjA^^ <^ ^:>AiJ:f*^V' JLaxjjaiU I— u£j ^1 

SJaioiJ (Jclij 1 J (_jjLi La . JjVI ^ jjll (jxi (^jixJI ?.l.ll ^JjU-aJI 

3JjS j Li^>jjij Liil 2^-5 ^Ij* *— *Jw>^ jjSjliil Lijjij^l (jj]_yuijyi 

:(biomass) ^jj^. 

CgHjjOg (glucose) + O2 + NH3 (ammonia) — > 

C23H2 3O1 gN (humulin) + CHj ^OojNo 3 (biomass) + CO^ + H^O 

l^Jj^ ^Lt-4 1^ jS LjjuaJjjjjjVI 4j<i'n ejtln-ttll (_^^>jujjJI (jjJ jjjLi^\ ^Ljj| Aaj^jJa i—iltjj 
^1 _jj3l J <i'i I II <i jLii Aio ^jajj 4ejLa3l _j «i' I II <i jLu (JclLall (J^-^ 'Ji^ 
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.50 mMj 150 mM J4^\ li* <^ Ljij-Vlj jjSjliil \j£. J5 ^^j^jj -lOOL/hr 
(jsjj iS:aui i^J^j .100 mL/min JtliJl t-aL^ jj^.n'sl Cjltlia ^jiiuj 

. 100 L/hr i^Ull (Jj^icliUI J glull j ^jjjsJI Aij£31 (^ill jiJI Jsl^ 

(jiljaLuil ^Lijl J- (^J^ -Nj Oj Hj C — S ^j.^nll cjUjl (!) 

.RQ = 0.5 • 

.1 atm iaijjall jLuuj t310 K JtUJI ^ aJj^JI jLuu .mol/hr 

(jjiaj Ja ^jjJ_^yi 1 kg/day -ua l-ijc jJl (JcUJl ^ ja. (^jLiy (^) 

(jSJJ J.i«-o J.ljtxJl lift 



®CH3COOH 



' NaaCrzO, 



(DCiHsOH 



® 



(D 



(D 



H2SO4 
C2H5OH 

. JiJI ^jia^ ^toy s jjji^ :32.3 JS^I 

J«il£lU JiJI 2:^1 25.3 

3 C2H5OH + 2 Na^Cr^O, + 8 H^SO^ ^ 

3 CH3COOH + 2 Cr^ (SO4 )3 + 2 NajSO^ + 1 1 H^O 
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(^jUs ^! CjHjOHlS^A! ■'ojjj^\ »^ 32.3 lMI j^j 

jj^La jLjj Ji.Jl jLiJ (>i-^ o^jLia H2SO4J NajCrjO^ J cJi-Jill 

tiaSa (JaJl CH3COOH l^i^! J^jJ 'C^JJi Ijia e-^ J 

c?i^! jLhj i^j^, (^1 CjHsOH-Ilj H2S04_!1 o^lji (^i^j jLpj 

H2SO4J Na2Cr207 J C^HjOH ^Ull cj:5l^UlaJlj cjXinill ^ ^ 

.(CH3COOH ^UiL-U t^>i C^USj-j 
Alall ^ 90.0 ^-jkLall ^ CjHjOH-U ^1 ^1 Jj^l t^jL^ 

U J 1x^1 jj.l<JI jLull aJjS (JSJS Jjla-a jLoiJ j .(7j 1 (jJjLull (jJJ Jjajll liA 

Na^Cr^O^ j H^SO^-ll 3^ ^.^.j -^^^ ^ CJ^' CjHjOH 

lO.Oj Alall ^ 20.0 ^ CjHjOH-ll 3^ JtliUl Jll«! j.jlia 

'H2S04i> Ujj Alall ^ 94.0 ^ JjAJI jUll t^il^j .<lall ^ 

Reklaitis GV, Introduction to Material and Energy :(> ^.uujia) JtU^lj 

.{Balances, 1983. 

jaJl '-'M jLij ^ S-i^J- AjI jJl 4 1 Ml ill i.ini'tl (dj) 
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CD- 



-^ABC 
AD 



jj JtU- :33,3 Ji*iil 
.CD JA2B 



^ CD jA\ ijlc c^jia^ jIjJ ^ (JclijJj A2B S-lS ^1 (_jJc. jljJ ^ 26- 

(J-astJj ..1^1 J jLij 0*4*^ ^j^U3( tlLilcLiLaJlj ^Ijjll ^J^a^ ^jijj .(33.3 (JSjill) (JclLo 

: jA CD ^ A2B — S o^J^I Jclidll J .6 jSloui AiU. JcUJI 
A2B + CD^A3CD + B2 :1 J^U5 

(jiilio (^jjlj (Jcliij 4^LUI J. jjoi (jS3 JjLaJ La j& AjCD t-iS^)*]! (jj 

iJ^J 

AjB + CD^ABC + AD :2 
^ A2B i3ai J.i«-« (> 90.0 CD —II 2JjS Jjix^ jL^ 

_S 4_^jLaij iO.2105 jLh B2 — i <f"^l .J^^JI 

20 J .A _! 10 g/mol ^>Jt u'jjVlj .0.0614 >il ^ AD 

.D _1 15 g/mol J .C -5 30 g/mol j ^B _1 g/mol 

.(<^U]| clA^il^iULJIj g:;! Jill) lIaI jJl 2; jiJl ^Jfi^\ ch^"^ (cj) 

. JtlLi ^ CD lsJ^. (Jtlilij A2B lsJ^ 27- 

: jA CD A2B — S oyJJ^' (Jc-lj^l J .e jiliJi- aJU. 

AjB + CD^AgCD + Bj :1 Jclii 

^ A2B ^3ai (J.i«-a aUI 90.0 (J^.JI 4^ CD —II i^si Jji^ jLoy 
jA 1 Jcliill J (j^Jial .0.2105 2; jiJI jLu B2 — 1 ^jli^l <A;-^I i/jLoij .<Ji.^l 
_S 10 g/mol iI^lJ A^j^l jl jjVl jfj C) cJj^ ^ j^' cJ^l^l 

.D _! 15 g/molj .C _! 30 g/molj .B _! 20 g/molj .A 
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Loilio (j! ^ILkll ?. j>4 •'^■Ijjj JjLa^ La jA A3CD (jj 

A^B + ICDD 2AC + BD2 :2lJ^U5 

JC^ X 
-^AC-^BDj 

^ r~ 

80.0 mol J AjB 100.0 mol ^ <u^-i 44.^0.! ^aiI j jAj^ j JcU* jSi^l 

.0.50 (^jl-y ^ uJ iiJI -J^^l CD c> 

.JjSi^Vl aJU ^ JcUJI J BD2J ACj CDj A2B cjVj- t^l(cj) 

t-jSj^ail jJI 4 u, I ill J I iA ^ Ari.j]l Jtlidll jA 2 Jtliill J L>=J^1 

^ 2j\<\l cLiV |_jlc. La jjoiLi liSlj CiV (JL^ ,_jk. (_uSj j jLoj 

Jtlia ^ ^^Vl t^Uajlll JtUill J.r^'^J 28.3 

3A + 2B2 ^ 2AB + AB2 :1 (>Ui 

.15 g/mol cs^>JI B (jjj c5 j^ij '10.0 g/mol <^>7^1 A ojj (/j^ 

J.ljl-4 I Jnl'kt .0.50 iSj^ A S 4,5^^' lX^^^' u' L>^JJ^ ti^V'ijI. J.aC. ^^Ic. ^Uj (!) 

.^jJi A _S ^jJI ti^J^ill 

lil .(Jc-liull Jllo! ^ (JSJJ JJjliaJ (JcUJI CP^.^ B2J A (jl Ij-^i! cjjaj tlu! 
4 (JliLa jlsixll (jialjjalj .0.50 Ljaj! jLuiJ B2 ! (Jjaall (j! (jlajfjaij 

.j; jiJI J ^ B2 — ! (^j-ll tia^l M-^l 
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jiJl ^ ABij AB o^hUU ^ jA (dj) 

4^^3=0.211 CjIjS jJl Ajlj^l < J HI ill (j^Ua i_Lil£ JL«la.U ^jU'nri (^) 

lill^loy jlj Jc-lia J_ji.^ia^ Ailiiij liA iUj .w^ g =0-094 t =0.155 

•.jL L» tjsj 1 Jclilll (> ^Ijj 

AB + ABj ^ AjB + Bj :2 (>Ui 

(jial jAi jiJI jLu ^ ( J ) B2J A — i 4^^' 

•(0.50 uL!J^!B2J 

tijU jk- o-U ^ A2B J AB2J AB J B2J A _1 aJjJI t3a:iill cjV^ (^) 
.2 JtUiJli?2 c^li^ill .^^1 

J\ j£\ sik (Ja .^jjicliall ^ j-. t,^!!! B2 — ! .I'll ill cfj^jJ' i.l.ii^l 

.AjU.yi (jk ?0.50 (^J^! (/^b 1 Jj^l o- 

t_i'jxj 5j yjPj aj-csjj^ Jc-lio <^ C„HpN^0g<jjJ2JI 29.3 

i^jl^j . 91.34 g/mol c^jl^ C^HpN^Og— 1 uJj^'j -^Aij^Jl ^i^^l 

.lOOL cJ^lUI 

jjSjlc JjVl jLiill csi^! -(34.3 J^l) LSji^l JcUJl JA Ji..! I jLii 4^ 

.CO, J N,j c.\J^\ ^ >V1 .H,Oj C.HjA c> o^^J 

jUil cj| jLj (jia jjal .1.13x10^ cm^/minj; j^l j'jJ' ^J^^ J-^ c?J^!J 

.0.0012 g/cm^ cSjLuu j_jj>3l 
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CgHjPg +a02 +b NH3 p C^HpN^Og +q H2O + r CO^ 

A^jAa C1jL£jJI t_pa*j] 4j1 jaIIj 2jh<\l ^jSJjII Cj^J^ .ojaloLO 4JLa. jJ^I 
.l^tijlail (-.Laaa AjLII La! tll.3 Jj^l 

.2;>JI ^ (C„HpN^Og) Ajj^I Aii^ (iali]l 41^1 (I) 

^Ll^I (^jj^JI Jt^Uill tjjij (r 4^ ib io) L^\^\ Jllal 

.LaLoJ 

• 6j yjPj a ^ •^(^) 
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ajaJI SjUI OliajS JjJA JijA :11.3 JjJaJ) 



(g/mol) 


(g/min) 


^luol/niinj 


(g/min) 


^itiol/miiij 




32 


7.072 


0.221 


25.2 


0.7875 


O2 


28 






94.81 


3.386 


N2 


44 


33.79 


0.768 








180 


74.88 


0.416 


144 


0.80 




17 






5.1 


0.30 


Uj-i NH3 


91.34 












18 


26.60 


1.478 






H2O 



(NASA) ajSjxoVi *U^Ij a> j:^' ci-^ '^>« ^ ^ 30.3 

J\ (j_jj>3l 'CjHj^ ^UJJI -(35.3 J^l) *U^1 ijj 

^Ljasll AjS J- S ja^ ^ .i j=>._j/JI O2 JL«la>Li HjO J CO2 jJj^ «.L-aa31 jI jj 

(>> Laa-a. AlaJI 75 (.^^Cj ui*sVl 1 Alall 25 j^jlc (^Jj^ </^') 

C2H2 + 02^C02 + H20 
f.Ul U J jU ^ L. 2; >j H2O t> (^j^ jl^j N2 J O2 J CO2 
^K'lnij (J) c^lii^l JJ^^ C2H2— !tj ^Lall iljaj U .0.050 ^^ liA 2;jliJI 

(Ji.J jjauo^ 1^^^ ti^JjJI J.i«-* cSjl-^J -0.80 jJauuiSbU gr^l cfjaJill CS j'-^ 

(> 0.10 t^jLoua C2H2-U c>^' <^ <^>^' (3^^' ^' -100.0 moyday 

Reklaitis GV, (> ^>nfAn AiLbs) sjSLji^ yu. Sjjj^l jlpd 

.{Introduction to Material and Energy Balances, 1983. 
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. CjHj-S v^lj (!) 

jUS ^ HjOj Njj O2J CO2 -S ^j-ll '^^^ ^(m) 

•JjVi 

.^ai jUi ^ H,0 J C,H,_1 oylj-ll (^) 
C2H2I 



:35.3 Ji^l 

(jx «.La31 ^>Iaaj t(J^-"^l tJi^" (.5^ .oAl.Lall ^.Ljaall ('^1 <^(j n\ Lljj^jiia JJJ^ ^>f^ 31.3 

.(36.3 J's.'iil) (jlli^l UiJ^ <-<i jiala jA Ull:^. JJjlajll AiS ^ jxLoL-sajll 
jlc. J sLoll (jjjSj] JnjjS.\ (Jclijj c^iiiLo jia-a JLaxlLojlj 

jj->ni<;Sfl (j-='!iUiuiV Jj'-'" o.la.j ^1 «.LJI JLui J ijiia. • CH4 

.ijj «.La j> ^Lj^l Jjkjll oia.j o^ia^Vl (> 10.0 mol/hr ^lli] jA 
(jjjj^l >\ 1 11^1 c>° 20.0 mol/hr (jt (j^jjal .^jl''n<<ll (jjj^ A-ajJai* s^)juil±<i 
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(jSJdll J.ia-oj Jc-lioJl Jjla-o (_Uai^l ? j^JJ^I (jjj^ ^ jJalo Jia-all Jclilall jA La (t_j) 



[ 



C02 










O2 ^ 






H2O 




'36.3 




CH.| 






H2O 





jjSjliJI 13.3 aJLoiaII cLii-^j frlija. t^Ull «.L2ic. ojj^jajj (jL^j 32.3 

LJ^y. CliiS -(t^J^' C^'^' j:^' <^ -^J^ ■» J:f»^' o] ^W^U 

QH,A^QH,0 + CO, 

40.0 Jjix^ (JclLoll ^a^^^l jjSloll jLidll Ji.^j .«.L<i jLjjli jliltl 

.40.0 kg/min ^5 ti^-^ AaJicVl c5 ^^--^ .kg/min 
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0.20 ^J!^\ jjaJI j> ^ jUJl jLu3l c^jpa^j jji. ^Lax^ jjc 

Doran PM, (> ^joluLi) . Jjjlijyi (> Ujj aUI 0.50 j Oj^ j^' (> ^jjs 

■ {Bioprocessing Engineering Principles, 1999 

? jjS jiiii JjaJiJi jji. jA u (!) 

■ gl JJC Jjjlil')/) AJjS (JSJu J.i«-<1 L_ljaia.l (dj) 

jLull ^^ J I AijSj ^ jiJ) (^^' 4^ jj^ J^' li^'^ <-5-^ <.1nl->l (ill) 

.jjjj^l Ai^l ^l!i3 j^^^l J ^1 tjajcill j^:^*- <_i.^l 
t^U«j^l Jjja>:ill *l <^ki^ ts^ (^i^! 'Wj:!^ 5)UiU- Cjjf 33.3 
AjB + BC^AB + C 

tjjjLui UJa-J (_jlc. i.Ljjj .jia^l iIjIjjS (>» jiiS (_jlc. Ll^iLkJI 4iljJal JtlLall 

.0.10 L/min c?jL^ tiai Ji*^ J^UJl ^1 BCj A^B Ji.jj 
jUS ^ BC -11 jjSji ^^jLoyj .70.0 g/L jUS A^B-ll JjS J5 ^^jL^j 
^ ^ Vj ^Ull ^ Lk aI^ Cj ABj BCj AjB j .140 g/L J^J 
'A _! 2.0 g/mol ^ Cj Bj A _1 ^ilj>ll o'jjVlj -Jjl^l Ail^ 

^jaJI jLjj ^jijj . Jj-loiLi (JclLall (J-«jj .C —5 4.0 g/mol J tB — S 3.0 g/mol j 
ikjp 4^ jiJI jUl (_^jja i_LiS ^.ic ^1 1 jkij .(37.3 Jliill) e jjjS <!jU. 

eJja. <jjLaJI LllUjia^ (j1 (jiaj^sl .Ailik-all LliLjk^>.all jj^ljp <jjLaJI jj-o lIiUjc 
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(^jpaj LfJi^ (JclLa :37.3 (JS<wJI 
<!jUJI 4JS ^jiJl S-lAil 46AJ1 lillj «.Lli! J .^U AjuJ SA* lSJJ^I (Jcliall J/uu (1) 

A2B(jaJj 41x^1 tCjLojkJI eik ^Jc °sUj . 3.5 g/L csjl^ AjB —II 
BCj AjB o- ^^^\ cfjaJilt Jji. j& L. .aL^\ ^^ R JcUill Jji*- ..un'>l 

A*Jj! lIlsI.! lilLjaJi ^ <^JJ^ l_LiS SjUluil I'll^/l^i— 

.ajUVI J 0) aJ^>JI iJ 2- o-Lj^l liA Ja -90.0 g/L 

bl-Qj J tdlLjjjLill ^j^-^ ^ ^\-i^Tij .l^Hd^ ^ji^J 

V <jl ii^V .12.3 Jj^l J A,B (J^^j cAtL- 12 (J£ A^jUll 0- 

(Jj 'j»Li*^l (JjT I'l'nll «.Liil ^jlaJJ (Ji.-i'tj 



293 



.AjUyi A*jJ ^ 90.0 g/L 

^ La t^ljVl <M jJilall Jclidll jxIjI lilj 4^»a^l ^JJ^jV <4!-^ "-"^ '^j 



.AjjUll 0- SjjiUJl A2B CjUift JjSIjj :12.3 JjJaJI 



(g/L) ijSjill 




0.0 


12 


0.0 


^j.) 24 


0.0 


36 


0.0 


(uM 48 


1.40 


60 


2.33 


(eM 3) 72 


3.00 


84 


3.50 


(j.U 4) 96 



(jx CjajJl iojju L&st-aJ ^^joiaJl Ajaji J^' Ui^JJi J* (snorzin) (jjjjjij^l 34.3 

AJjl*-all lis J (t>jll J jj) jjj jjA\ ^tijl J ; .^jjII 

P = fc{l + sin[A(f+5hr)]} 
cjULJj Ajc ^jjII j> cjajll t J 4A = 7t/12hr j 4A: = 10g/hr jl diia. 

.(24:00 ^00:01) a.j1u*1I 

(_ijc,j^ Aij^ ^ji^ ^^^^ 35.3 
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jjj'nt <i ijpj^ J ^-^i^ S-y^J^ W":!J:J"^ ^^>^^ jpl£jll l^jlajj 

A:^jujJ i^Axji • _ "<i .20 min (_s jL-ii 1 uinj^yi ' i"- 1 ■ Sxo (ji (^v^Jial (I) 

(Jcliall ^jiiJI ijJl (JkJjj 4 10 L A-aa^ i^Ji^ Jc^lLa Uj^JjiiiVI 
AjjsU-a L^l cIjjIj ^Jm JtlLJI ^ ojLall --^^ j! (_paljialj .1.0 L/mill j2lJt-4J 
.^(JclLall (jAjJa Ia jjSjp (_5jLuiJ ^^pJl <^-5^ 

Jji^ ^jLoj ^1 saJI ^ Li .1x10^ cell/mL— J Cp-^ ^ JcUJl J 
2;>:5 V 4i! U o^jial ^IxlO** cell/mL Lj^iUJI JjSjj ^la^ ^ UTiU JcU.<Jl 

(JS . J Na^ .^jl ' " 'I ■ ^ " <.s-*j^ ''/'■■"'jj. t.^^ "i^* (.{Ac. ^ 36.3 

^jjLi (Jj^ ^J^jl^' <>ii>Jl (jA^ jjaJI ^jxi Na^ jA I >in 

(_i jjJall J t jlj/iiiL djUuJaxJl (J<uu 4j_^jUJI J.a»Jl ^Ljjfj .4jliJt (Jkb IjJalj 

jiill ^ J i jiijj .;3iaUJI lillj _jAiJt tills 13.3 JjM 

.ATP oJjjijVl cjlia, ja 43Ua J\ JjS J5 jJiU UJLkJI sUiVLi 



.^jIUI (>-» Jjj^t JrfStjJ :13.3 JjJaJI 



(mM) ^ 












(mM) 






15 


145 






140 


5.0 





K"^ J Na^ !l cA^uJoM ^ (ouabain jjjl jll) ^=.^1 ^ Jl nt'iinlj ^^j^l 

^80 mM <iliJt Ji.tj Na""— II JjSjs 42;j:iS3l 'i^i *liit ^^j .U^l ^ 

[pjJi ^a^l j>ja. JjJ 44jjaj3l .ljuj .72.5 mM AjkJl Ji.b K"^— SI Jj^jp j^^^ j 
cjLuii 4 (phosphate buffered saline) iiilLaijsllj ISj- ^^^ala JjL^ 4iaia.l jj AiaJu 
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spLiil Ll)UJ1 j 44.0 hr Sio SjUiuiVI jjia ^ jJj jJjII SjUIoiV cjU.^ J 
jjia «.Ljic. .ijl_yujll I " il ■»> I ^aaj .(JjLuJI (_^jjUjiJl fjj] jail ^L^jlioil ^^ic 

JS ^ J J jj^ AiuJa- 1.0X10^ Jj 4 65.4 IXm^t^jLoLi AjIsJI ^.a^ J (>ajial 
Cjljja j! JjljJj CllLkjJa/i 4^ (jiul Ailj t^jlaJl «.Lic. JJC J Na^ !1 .Ijljiil 

ikVl ojJ cjUiLo. lTjU. ajIsJI ija^b Na""— 51 jjS J5 SjUIo.^ ^jpUl (^jil^l ^ 

. K"" _!1 ^ jllnl^ll ^ 

SA^I J 4-% I I (; I ^"1 ^^1 djlli^^aJI J.lC^ 0.1^1 J Ajli. 11 ^jJa (J.l»-o i Jm'il 

ikVl uj^ ^l^^ t^J ^jl^l J^>^ K"" — SI jjS SjUk-V ^>ill 

. Na"^— SI jjJa J:i«-<J jU-iaJI 

1^ Sj^jiall K"^ J Na^ Jjl _yill jj^l JiS jSLoixJI jjl jjll aiT'iiil ^jkJI ^j^'- Ja (cj) 

.ajUVI ?13.3 Jj^I 

.AajljSI ^ AiuJa^lS Ijjj^ 1.6 cSj'^ Na^ SI ^CjJa J.l«-a J .laJj iAillL^ '^('~') 

3 ^ Aiiiaj (jLoJ (_^iSI (mM i Ij^) AjlaJI j>4iJa K"^ — SI jj^Jj J-^ jA Lo 

jjia 4jI^ 4iaaj Uj] ejjSlall AjliJI Ji.b jLi^VI ij (J^Jiil .tljlcLoi 

.SJU1..VI 



^ 30 Lf jUi »LJI ^ 20 i^jUi 
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(.lAj .Al<JI 30.0 s^iLalt ^jjil ^4*^ uj^ lA^UJI jistj SjiSiUx .(38.3 

4jjJaJI oAA ^J^JJ .<lall 20.0 (_jic ^jS ^JjJI -^JJ VI i . 1->J 

wa = be 

ji> tj &=0.13 Ib^/min j a=ll/min j i^LJl (j^L^l J:i«-a ja wa jj '.iij^ 
.<.L<JI (> 1.0 Ibm LH"'"^'"' j_jU'inri i3.2 Ibm csj^-i tKjU ^ aJsSj .(>jll 

Glover C, t>i ^JoiilLo aJLoliII) .ajjjjsJI SjUI j-o 1 Ibm ^j'-^ \^'lJ (j^Jial 
Lunsford KM, Fleming JA, Conservation Principles and the Structure of 

.(Engineering, 1994. 

Sj^) <M Uya^^ k^JM (Ibm ^ji^^' ^ J^W Sj^) l£iUI ^ t_ba^l (!) 

t-VA t> Ujj AlaJl 30.0 CSi^ aJjLo <Jjja. SjLa ^j..! (Ibm 4jlj£3l sjJjUIj 

.AIaII 20 l^J2 Ajjjjll «La]l Ajjoij ^ ; ■ ^"'^ 
4 "ill III (jiajiajj AjjJaJl o.iL<ill ^LaJI (__>^U^al«V l£jluill ^vv^J 4jij!>UI 0.1<ill < _ U 1 ((_l) 

«.L>1\ O^UAl 1£jLi1| ^ (>al Jial? AlaJl 20 ^1 30 (> IfrJ^ Ajjjjll 

eAall (J_?^ j).''"'^^ J:J_?^ ' iK<^ Cjjlj .«.L<JI ^ 1 g I 111 n'l (jJ^ ^>aJ_jJ 4t1-i^ 38.3 

V ^Ua ^U,uS JcliS Jll»1 Jl ijJijj .j-JjJl o- 1.00x10^ cjiiji 

:j_^L Laj dr u'-^J^' cJ-^ 

dr = M 

k ^2 — ^ , A =10 cm' 

hrcm 

?L}K 1.00x10' g (^jLoi 
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dr = kA/'^ 

k=2.0 — ^ , Ao=10.0cm7hr'/' 

hrcm 

^UK 1.00x10' g 

J:A^ lil^i j^^aiaiui (jlijaiaJI ^ liSli ii.! iiS*ljp ^^c. iljjj 
AcLuill liKaj Jjiij] t_!jL^I (j^ ^ 1 . nl l n .f-U^aSluiV (j-a 

.lie tLlj ^J^J J^'lMij ^ tlO.O g/hr ^-ojall ULta. .ibjj JjjuaW (jl .laJj 

.39.3 lMI ajf« jA U tjaj dO.O g/hr 

'l.OOxlO'g lSjL-uJ i(sM-|^ J^JJ SjckL t-UjaJill IjLiJ c^jjaall oiA 

La j j-aill liA JLaxloilj . 20.0 g J-oJ AxiaS 2Jj£ ^u^'i LoJuc. jj j 

20.0 g 1.00x10' gt> ^jJI <M o^UiJl Uijiloy daJI ^ 



^jJl :39.3 Ji^l 

^^joiaJl Aijjil J-l ja. l^Ut'unV Ujja. liKioU aLUII AjjjSjill i jA\ gK^^'unl UlU. c^j^j 39.3 
jA poly(lactic-co-glycolic) acid (t^S jLiiJI JjlJiSI j ^jJll) j.i«ia (>*^j -s-'j-^W 

4 U-> n Igj^ (_)jilLJI ^jjSxa CLlljS ^"u r-i (jS-oJ .jjLuijVI i n^t ^ 1 (j H nT'lml FDA 
lj£.>jil ^j"'-^ J:!:!*-^ (Cjlj^l AIa (jj^ ^>^J^^ ■ jjjiujj 

^ <i I II nil ^ijAJ jJ^pj ^ ^jjSxall (JjC-lLo JjAalll Clilj 



I I I L 



2 3 

(hr), 



4 5 
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40.3 J^l (jjjj .(fluorescently labeled bovine serum albumin) FITC-BSA 

jj^pj (j^Al 4j| iiiijUUj ^ (J^] ji« pLjijl .l*Jj . jJ^>sj]l 



'j^^^^lO day] 



Img 
20 day^ 

.Lajj (jjU^ ajJ^)^ ^^)^ L^^^ ^1.^ L_ijLii^l J Lal^)ulxa 

< - <1 1 " J J ■ jA ' - {M . -ti .-ilh - U.- ^ J 2 \ l fLidic. Ailli.xJt Cj^AjiLbjiall (j<o 2 a .a , ^ ^ Ui' 40.3 

<iui^ ClLliluiAJ <J2>.jUJI AliJaUJI 

(jS^j (djJJ (jl ^jliJI (Jklj ejljuSy '(jU-ajlVI 1^ (Jji .-1^ LfcJ^ J •^'-C- <jj.^ajb<aijJ 



L o.o 



(day) o-jil 

.t>jll 2- FITC-BSA :40.3 Jiill 



\Aj)i\t«A •>''ij (JJ^^^ a JJT I Kill diljjjaJI J JajU^I J I ' ll n' J^>jil J ClL^USluiall I^JS ^iijp 
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^ dl^ J?"liii<ill (J.la-a (jl (jiajjijj .AjiiJI ^Jajoj L_lAjJ V^la ^^'^ JjAii 

.^jjyi (JjLaioiaJI J «.LiiJI .'.N „\l AililS Xoixj V AjkJl 



.[#] AjLsJI ^ ^ cj^Ui^ ^1 j^l :R, 
.[#] ^JLJI dj^JLSLu^ ^1 JJ^I 

.[#/niin] ciLijiLaLall ^lik-al J!i»^ iV, 
.[1/min] c^ <i'u«n\ \ jjji cjjIj ifc^^^ 
.[l/min]i:j!li2iiaiJ) liKiS J:i«-a tlulj 

.[1/min] cj:iiSLaiJI (^^1) ojia 

.[min] (>jll 

.(i?^) ^jkJl jJa*^ lIl^ jyi.ii J jjij J.la-a ( A,<uXall AjLjaUall 

'.■ijL^^Laj ^'iN ia',„»ll jjjjuj ^Uiajualj Qliajp sIa Aj^l AlAjui jj - ■ ^1 ' _ J 
(Jjlia. J La! .kgRs (J^W ^jlaJl ^^ ■'■M;°'...-^l Jjia jj ^ji^ 

.[ #/time] 4^ JixJI 

4j^j3La A^jialall 
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i'iNyi'..„^\l K.iijn :41.3 Jiulil 

(_LaJ Lllljjiial] 14.3 Jj-^l AA.j.lall (jilj^U '(jJ3«-o JL?-o (>ajJa 

.^rec ^ke) fcdeg :^J^U? ^U:^ 4;^ jjSS jl 



.••,M^.4-i,..>n ^ ^ :14.3 Jj>iaJ) 











130 


[#/min] V, 


0.050-0.0020 


0.010 


[1/min] ^deg 


3.0-0.030 


0.030 


[1/min] ke 




0.058 


[1/min] kr,c 


1.0-0.010 


0.010 


[-]fR 
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4s^jll fj- ^ ^1^1 .lJl^L \p^\ t^kiia 4^ 1.0x10^ — j S^jll 
JSiill jjjjj .J iLLili cujLif^l A^Jaii Li!iUJl La^j iU:^! J jj 

:<^L ^^^^ J iUI Jjix- 2- 1^4 . J^l lillj jklll 42.3 




(days) t>jll 

.1^1 JilSj J:i« :42.3 Ji*iH 



(reporter genes) AiailjJl cjUjaJI J ny'\i«\ AjijaJl A^U-all <^js>-j ^U2J1 (> 42.3 

e.ilc. aLjI jaII dlliaJI (J^aJjj -^JC- ^^^JJJ^ (.j^ Li^iLk j--^ " \; 

jjlia (jji-a Jt^ij-a <_5Jj <^ljJ^ (jTjai-a CjUoJ^'V jl tAjJjJia jl ojjlLa CllLjjJj^jJ Loj ' jj-oj 

(P-galactosidase) jl^iLuijiS^/lc. llu ^jjVl > j 1^^^^' ci-^jj -s^tj-^ J 
0-) ONPG ^ jj| jjjjjSVli- - J - tjjj - (Jjjja jjjjj - JijJ (.5=^ c?^' 

o- Jjsjjijj - jp jj jii^Vl ^j^iall ^1 (nitrophenyl-P-D-galactopyranoside 
j^jJI Jjiall lie AjkJI liKsj JjLii (Ji <i ^jjall (j-aL-alol (_>iLiij .nitrophcnol 

jjiall IIa jI.:Li Ai.iaj jLoj 4420 nm 
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: (Michaelis-Menton) 



-d[S] _ [E]^k,[S] 
dt K^+[S] 









ONPG jSj 


mM 


[^] 




mM 


[si 


(P-galactosidase) (^IjjjVI fojjVl j£ ji 


Hg/mL 


[4 


JcUill Jax^ CuIj 


|^ol/(ng enzyme ■ min) 






mM 




<>J 


min 





• 15.3 Jj-l?JI ^J'^ Clljjilall siA 

] 0= 3.0 ^g/mL , [5 ] 0= 2 mM J o^l jiaL (^) 
' A"^ = 0. 161 mM, A: 2 = 0.006 n,mol/(n,g enzyme • min) ji j 

^ [5]A-ja ^ .([£:](,= 0.3 ng/mL) S^lj J^'<^j^ [^^lo^ '^^^ '^ii'^) 

CjlaU^I jj-a .juoiajl f.\ Jfljj] jLJI (^Jc. ,»-Lla JJ 2 SI , ^\ ^' ^Jic JxxJ Cjj! 43.3 

(jt ^ s.:cLauJ3) (Nicoderm) ^j-^j^ ^Ll^ LJl^ <^ s.ij^jJI 

(jjjjku yu . nl l J estrogen (j^^jjiuiVl toUj^j* cjliLi-iilj 

1 i^jLoi A^Louij t^^Knin J aLsj l^L .JaJI ( ai.-iTi . (testosterone) 

^1 ^ l^U ^! jjlj dij^ ^LuJl ^ .(1-43.3 J^l) W 

Jj Jjaiall <i|j.i]| jl.^ 'uLo-iV' (J ^jlVli J .4-aj]Vl ^ J_>?-!l J ^i^lj^l 
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day day 

j>i f.\ j^l ^ t?.l 800 l^g J Alaa^ AlL-alll j ipl j^l 

(jjiljLuilo ^j"'^'^ (J-^l-ij (^^) ^jjiaJI f La 1 |4,g ^' tASLualll J-)^ ^Ij-^l (>o 1 |Jg 

600 |Xg J *l J^l (> 800 |Xg J <jl-^l tS^ AEai-a <aL^I jl (_paljjalj .(«La]l j (.\ jjJI jj-a 

?LjJ 20 ij4i *Lallj (J£ jA La c*Lall (> 

Lgj! L^^lj 4<aL^I jjc pLali a£ jaJ cjljLiii.1 ?.lja.Li lilixaj til jLiiVI 

t^ill lilli] l^LLa Ijliii-I !lxjj j^l ^ j-^ \\\ tLall (j! J (>i !lxa «iLa]| 

j^Lill (jj%J '-^MW <aL^I t^'^ CJ-^ '""l" ^uiall Cjliuiaj]! 

(J^juill^ I^Aa j\ fu $.LaII JaAjIj Sj£jxa 4j<i*>^ e^La 4il i n,W\ (Jj3 ^jJaijj Lja^)xx 
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©Lall ^ JJ^ J.l«-a (jlaljjaLj .^Lall ^IjC. JJ^o 500 l^JS 5 Aj^aill 

(j^ j»ljC.jj£L<i 950 1^ 'j^Lii 10 ^ t jlfrkVI t^lii-aj -fLii 10 

oiA jijjj .(jLikVI sill 5 »La c^l (Jjjj J "^Liic. ikL V lAJaaiU) .«.L<JI 

Ajiai. ^Ajui ^jJa .Ijjlj (joijl ^iL^aUl *La3l ^JJ^ '-^ ' S!^^' ^ jla-all 

^jaj j^l (Ja^ Jjlail jSiSl IjlAj 'LlojJ JJ^^ 100 lS 

.(La AiiS) ^1 J^jJ^ 3000 4iL^I 4*^ .jAJI 4iL^I j> 

^Ijc jjSxa 600 — jj pi (> (>' JJ^ 800 _j a*Sj1I (Ja:^ jUii^Vl 

jliikVI 1 ■ ^ J Ajjla-all (J-aalluil 'Sal , ^Hl s-Lall ^j^ji. .f.Lall ^j-a 

(jjSjjoi Ja JC. JJ%^ 3000 jL^^ <j3^I 1 (j'lT I II ^1 4il I ^111 CljLljla.x (Jj-^ ^^jla 

?iL}K3) l^iuo, ^1 43L^I (jjLi^^ J^j <Jja ^-..n^ll ^^^1 UK JSijl 
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JaljaJlj 1.4 



■ l-tj^ I r-i Ujjl-i""l lillaljjjj^jjl] (JjSfl (jjjliJI (JJ^U'i • 

.(heat capacity) <ij jaJl ^*.uJlj (enthalpy) ls j\ j^JI cs^ia^l ^^j^i- i-i^ j • 

i 2 iV.l a'M 11 ^^jjittll ^<f- AjKII 2 St U\l iiUijI 4jjlx^ ^ jjiU", • 

.(jlj^i^VI «jl_>^J (Jj£jjj31 sjI_^ (JLaajjoilj (Jtlijll I jl 1 11^ • 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

'Aj^\ 'a1\U 1.1.4 



3jjl C^^lxj, JLalxiil jl .43LLJI iiUaJl aJjUx ^ J-Uull Ix^jU jjSj J Jl 4(^ja.Vl 
yiaVl (>i ^1 J i-jjia 2iU=Jl ialiaJl Ji^l liii .ojl jaJI j ^' ■ '-'H 
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ylou, l^Jt JiliiJI J AiUall J!>Ulail q\ jJaJl Jjijll J 2Jj^l AiUall jjL^ ^ t>aU. 

.1^ jjjkil LjAji. JiUaJi c^vuii 

j^^jaII jjj^JjJ ja.^V AjjiiJI Sjliall jJjJaJ ijjjjj^l (jjni,Vl|g JJ^ J 

.AlLkJI JiUaJl aJjUlJ hA\li 



liSjU iejSall eiA Ijaj tlul j Jj^i. eUaJI ^(j'lnm iASUalU jn'unA j).lai jjjJ jj.o 

V (jil 4 4.2x10^^ watt ^ ^ 'o^jJI IjjaLL ja.l^ ^ jj 

Ajninniil AiUall j .LjJjaj lO'^ Watt (^jL^ Jji^ jIjLi ijy^ AiUall lillj jx (>»jVl 
^jSj I 'ir\\\ L-ljSjSll Cliljj^)jjbO ^j^a Jc AjjjaJI hill j« J:^^ A^tLi 

L_llSjj]l < ' ll J I ^t'u < ' iTn Aiui (JS (_^J .Ajjj^jflll ("llji ^t'iaII J Ajj2>JI t_i]LiJallj CllljLiill 
.lluiS! j^Ij ^-aaJ t^ill ^J_j*iall (-JjSjoII (JclidJ t^jaJI jjJjill (j/i (jla 10^^ MJ^! (J 
dlljS^j^aJl (J at'ii n'l ^ 4[1] (jjajLuSfj Aj^jjJaC dlUS^ (jjjSjl (j ii Mill f _jjJaj «.LaJlj jaJl (jjJJ^ 
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jjjall Ajj.;-ir. 2JjS AAuuuill AaLkll 1.1x10'"* watt cXj^ 

i (JIaaII (J;ifui . Uj 1 ' il J , u." ^ J^tj i-'lj. u.'^ti jf ' ' il J . ^ti 

^Ji«-o ja. j& J 4(adenosine triphosphate ATP) ojjjjjVl oliu: js 

UjSjj 4iLL]l (> ^ 0.5 t> Ja! jl^l I^Aj .5.1x10*' watt 

4J^! ^ 1.4X10'^ watt U-A^ L>= J^l J "^j .(^^1 

jjaJ J .A^lu^il J jJlll (jJJJjll J-liLLall jjt Aallall jAj-a^ cAiiJI 

.1.2x10'^ watt J jVl ^ ^1 aSUJI jjL^ 

t^j^ajVl i-i J l^UaJa-<JI J jl^Vl J (J 11 Mill J ^Lijll 4 "'"J '^.iJI AiUall jjL-^ 

•^jjj^ Ly^J^^ CS^j cJ-'-^ (jjiAjoJI Ailla AaUall ~ j(; -^1 (J «ir"u .n j .oLLall ^c-kia] 

AiUall ^> Alall ^ 10 jaj UlU. jLu it-^J^ l^JjaJ J stall (jS^ii (> <aLyi 
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Cjlc^liijJ tijjS c> Cjl Uj'. n\\ <aL)a ^1 jiloil (j^J -e-la^l i^LiV j3l 

<lU'i« (^^^ (J^Ji^ l^j^Il! sAiA^ JllLnluilj -J " ■ ^"^ ^1 JJC. tsjjSj eJA^ILoll AjLlx^l 

(Jiijj ^1 Ajjj^I AiLkll jA SjAall oAi^l aJjJiJI AILLII ClVU-a ^1 jj 

ijj jJlJI JjSjll (j-ojJj .AiUa J jii. J j3j ^tij'y jVI (J-oaluij 4<lljia]lj Sjcljj^l ClMjJaii] 
jiaijj ^U.^J J >^ (J jj^V^ 4(Jii]l t"'li7>i/l'>l t(_JjiaJI (JjjJIj (J_jjl!ijyi AjlLal (j^ j 

duj (j-a (ester) ji^ij jA ^jj^JI JJjJiIIj .Sjill Jla CjIjAiA^jj^ILj Aaic. Ajjj:^. aJjS 

aJjoI aS_^ (j^^ "^J^J cs^j ^b"-'^ W^J^ J As^j^ UiJ^ 

(j^ (jj^ ^..'J-'^^^ (Jjj^jl ajl^)^l Cjljlxll (jJj^ (J-aKJjaiJ J 

<!j£JI (Jlaj gjjjj .*lj^>$^l -iJjJ 1^ 4JI flt'l I iiV (jljxallj 1j I It's! J Ui^JJ-^^M^' 

. JjJ jj ^ (J <it' I iij jLij (JJjSjI \jjal aIj^ (^^I ^^'"■j-^l jlc. I'll'i^-^l ^ AjjJaJI 

ikjj (jl I AjjJaJI 4iLkil AJJJJJ <lC.L<iii.l j <ljL.ijjal t-isl jC. A-oJ j£l j .ejJjS jj^^ Ajjl^l 
La .AjIIc e^liS Cjli ^Jaj -j ' 'La.j ' '«°' ^1 4jjaj3l CjUUI ^1 AaLial jUjoiaJl 

^ linlll jSjJ^I SjjlLoj jaJjSjl AjLIsj (Jjljla Jl at'i i iil (junVl^ A\ :j\n^ti\S • 

.ajjjiiji ^J\ CA ^j^-^ ^ AjiUa iil!)l^ljail J AjIjIujIj j'' ^-^I ' . 'J' '""'^ 

CLlLV jll ^' ■ Jalj jl ^JJ=>JI Ailiall J ^jJaJI ^J^l dlUlail j^Ai :^jlmJ| JJjkill • 
jjt (^jjir^Vl Jj5jll t> JUcVI u>.J<^'.i ^\ S^13 ^1 ^JUil J J 



Ujill 
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^JJ^' 2h<\l ^lajj Jloj J AjjLuII j Aajl jiiJI o j^l j Ajjj^I Aliill ^tljj 

^Ijj] o-^LiJ I— ^^jJal jVl (JLajtiuil JJJ«j3 (j^-«Jj .<j J Ailikxll e jjL^xa jj-o 

eJj^j ^jjLall Jial jjll jl jaLoiI ^Jj j! AjjjaJI Ailiall oljllll If Lilt JaliaJI • 

nil eLiJI jjL^ j t^jaJajoill eLiJl S jS jj oJja.j 4<ia jaJI sUall 
^jAjJaj lluskJ aL^I AaUaJI ^IjjJ S-ulj^ O^-^ S-"?^ -Ci^^ • 

^ JajoiII JjJaa! AliaJ ^ ^< - ^aJU-aJ ^JjJI *Uj! j^lij ^ CjL^L^aii.VI sJ.ialo JjS ^ jSj 

(_j]c. ^^Loill AiUall CllLjjlj^ jjjjj^l ^jjm nil J,a»JjaiJj .AjjiiJI AiUall J^iliijailj 
11.4j 10.4 AJlaVl 4^ OJ'^'-^J -^Ij-^I 4iLkHj 4^UJ1 <4llkJI CjU jjLJI fiJ^J 
(jiajjtijLiii J .AjjLo JJ^I AiUallj jjJall i—uSjill (>JjSil ^iUall CjUjl Jl nit' ml AjLS 15.4j 
iiU^I y^UJ >Vl SjA^I Cjliukill t> I Jx^l liA 'aAjlA JSUJlj Ali-Vl 

l^i-a_jj (_Jjl_)^l ijj'-' nil CjIjjxj t _ ll i.i-^ (jislijj .AsUa ^_jJc. ^Jij <^jln"lnll 

JnT'lml ^ tCL^lc-lijll jjC. 4-a2kljll Cjl jjijilj tjjiallj ^- ■ '-"^l j SjljaJI <2kJ.i Cjl^yijl Uulj 

^Ual) 2.4 

li] .^JJaJI dLiUliall (JjiJS J ^)n.rt') j iAjjUaiSII ^JJaJI CL^lctiill Jjkj j il^ o.2a2 j AaUaU 
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l3:JJ^ (>> ^Liall JjLfj lSJ^ cAajjIaJI 3^ j^laJ) 2 ^Ui.'-vH sjLJI Jllljl 

'LajJalaJlj .(JJJJjII ;>i Jj2j ^l-lil ^ajoiaJI (j/l ^Lkll (^L-^>il JUa J .ojLall 

4ili-all J <^ ^aJajll ^ILa Lai .4jjja_a]| ^J^jll (Jill jJjaJI (jiinl'^n ^1 (J^aaJ ^^La^j 

toil ^ S) jl^l ^Uall 1.2.4 

^ A*jUi31 aSLUI Cjlia. J Uj .[L^Mt"^] jA AlUaJt iAlMa ^ Ji^l CS 

aJS s j±J X ^jallj i(Btu) AjjUajjJI 4jJ jiJI SJia. j]l J i(cal) i j c(joule) J 
AiOJl cjl^jj .[L'Mt"^]^U=JI .(kW.hr) <tU (ft-lbf ) 

AjjUaJjJl j^l jll J (cal/s) Aajlj »JJJ^I J '(watt) iai j]l AxjLill 

^ j.4a-a 2 ' jU-.-t ^Lkll J .(Ljc-lsui (^"^"i J.^ AiLUI ji jSij .(Btu/s) 

JI£J1 jiaJi J Jaa. J UjG (potential energy) ASUa ^^j^iaJl lilllaj 

(jx (JS J .AjjjaJl Cjliukj J Ic jjjij 4jj JjiaJl JiSI LaA ^...jUu ^ jj^l JiaJlj 

J (conservative field) Jasla-Jl JiaJI cjl^ .JiaU^ Jl^ ja jjlSaJI jjiA 

(jj ii_Jji>.\ C1jIjLj*j .AjS ~ ■ "7- ^1 ^ » iS'^^ jLuiaII (jc. is^WC- ^'^"^ aS^js^A A-<ij!>UI 4iUa]l 

.(1.5.4 ^JaLJI ^1) (state functions) <JU. UjU LaA ^iLkll J.ia-aj ^l£JI AiLUI 

.Aj*^ ^J\ (^ iijja^l 43Ua]l 1^1 AiallJl ASLUI (_^j jM\ jjLaJj 

t_L?j tm ^ ^.j^ (gravitational potential energy Ep) ^jUSjII ^i^lsll ASUallj 

iAiliiJl AiUall t_lLjia. (_jjj jj£j La I j.iLj .^^jca.j-a jljjui Jj A^joulLj (_ij«J jj! 

(_iLaiaJj .AlUaJl iiUajl ^JjUi-a J Aial£ll AjLyi ^yij jA Ic jJ;^ JiSi jA Laj 
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E,,-E,,=mg(h,-h,) (1-2.4) 

jjjja. . m (jSJu Jln-ttj 3-0 jialo ^1 J JSijj ^j! Liajf 4j]l£31 AialUl 4iLkU (jLaJj 

Jj^la. SjLa jJjtJ La^l^C. 4j3l£ll <Lallll 45Uall (Jjia-a ^yijll t_lLm2>. 

E,,-E,,=mg(h,-h,) (2-2.4) 

(electromagnetic potential ) ^ j .i nhi*« jj^l ^liJI ^UaJI jjjiill j^ia«jj 

lAij^U energy 

EE,2-E,,=q(v,-v,) (3-2.4) 

(jljjAi 2j 1 J iAiauiJl S.la. jl ^Uj^l 4iUall <^ V J ^^A ^ jl (Ilia. 

^Jjljill SjIc o.li.j3 Aa^\£\\ AiUall Jjj cJJ^' tJ"*^ .«.U.^I (jJfilii-o c1H*3 >« (j^j 

^ jjiiill t_iai=4 .[L^Mt^^r^] Ai=>^ Jic <alL jA o:b4j '(voltage) (o>»^l (jj^) 
tjja) AjjUj^I Aill jilL A^L^I 20^1 2^„..,U-,^ -, ^jX\l aSUJI 

^ Ai, ^1 2 ^ ^^Uj^l 0^ '2 ^ijJI 1 o- 

(Vj-Vj) tijill d 

rate of electromagnetic ^ j .i nhit^j j^l AiUall Jj*^ ^ Jiill 

ij^VLi ( potential energy) 

4,2-4,1 =^'(^2-Vi) (4-2.4) 

<aLy I J!i*^ jjij J <i<ili]l AiUall Jii6 (jl . (^Ij jliill jl 4 i'^ .nil (j^-^ jA Z j] (''ij'. 

^>iaj|J - ■ ■■■^ ^1 jUji.0 (jc (j!ilajjai« ^^Lj^>^ (Jia. (^ (jjaJla.^ Oi"^ L)i^ ^J^^ f"^'> A1<)S1\ 

.(1.5.4 

.4jjljj.ill J a-uUl, 11*^1 4j£jaJ <ajdj (kinetic energy) AjS AiUa lilllojj 

^^jta.^ jUaj ^1 AlmllL (JjLu jl j^jJ^Jil-^ ^ ' ii7> ■''JjS A£^)a. 2j<l^ A£^jaJ|j 

jSj- J jja^ A^jouILj ^.joiaJI jljjJ A^jaJI j .(ejlx; (>ajVl jciajLii) 
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Glover C, Lunsford KM, Fleming JA, Conservation Principles and the ) 

.{Structure of Engineering, 1996 

^ -Imv' (5-2.4) 
2 

^, =-mv' (6-2.4) 
2 

^ ^ ^jaJI ^Uill Jj»- ^ 1.4 

8 3 U... a jjt Mill jiaS ^Ijj iAjjlLJU .AjjIjII 33 lSJ^ Ac juij AjS ^JI 

(J.ix^ (3-)^' jl.^ jA La .Ajjljll ^ 0.3 lSj'^ Ac^jjjU I^jS (_3^jlij iCllLjjj^j^ 

4iUJI ?Aj_^^I cj| jjx^lj j^Vl jjj Aj£j=JI AiLUI 

AiljS (^jLii .Btu/S AjjLkijjll AjJjaJl e.la.jJlj Jal jll JJ 

.1.056g/cm' 
: — J j^V' u^>^' ts^ f-^' ^ ti^-^ t-f-i*-" : 



m = pvA = pv-D^ = fi.056 l-(2cm)^ = 

4 1^ cm A s j4 



109- 



jA J 4AJ_^.i3I lIiI jjt nlll ^.Jl AJjS (JSJJ (J.l3«-0 AjLuix I ll I ^^^Ja«jj 

^! cjl J- 10 jjjj j^Vl oLj>5JI AiSS 133:^5 J:^ uj .1.59x10"^ g/s (^J^! 
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=imv^ =if 109 33^Tf =5.94X10-W 



2 2^ sA s ; ^lOOOg j^lOOcm 

= ^5.94x10-^ ^j|^9.486xl0-^ = 5.63x10-'^ ^ 

^j^Jl ClljjaJJI ^jaJI AiUall 4jUL<i (-iLoia. i^^^J 

^ 2L£ ^1 Ajjjj .6.79xlO"^^Btu/s(^J_« L. .7.16xlO-'^W(^jL^ 



.^jjjjaJI J 4jji3l cjJIilcUjJl (jc (internal energy) U ^jUIj ^Ua liSlLuj 
44-0 jkiJl 5JjS jSj^ ajjouILj l^j^ja-j CjUj jail SJjUiJI 2j..,jU\;^ JjtUJla 

(J OJ^ yr^J -^JJC^J (jj^ 4C_jL^ iJjLu. 4jLkj) Ujjlaj ^^U-J^l L^JJJ Ijiai^j 
4j! VI iUlajl J:utjal\ lift Ai ja-o Vj .A-o ^jJiiJI J jAa. iJjiS ejLo J JjLui ^ 

ajS jaJI J Ai»l£Jl LjjliUa ^ l^L (total cncrgy Et) jliiall ajKJI AiLUl j 

lAjLkUj 

E^=Ep+Ej.+U (7-2.4) 

A Unit I^Aa jI W^j (J^-^ A-ajialall ^ -^J^ (j' AJUall jj^ ^Ur^ll o.i^ (j^^ 

: E^AjKII AiLyi J!l«-a j^-i-' aLLJI Aj^Ut-aU A^Lla Aj^iU-a AjIjS (ji-yj .A-aioiaJI e^iUI (Jlsjjl 
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=Ep+E^+U (8-2.4) 

iK\ l A^jiilall AiUa ^ d ^ jj ^<H a a SI i ' il J ^ . n l i J. ^al l ^ \ ^j] 

A^l^>i^ ^J.iijl-ilTfl JJ^I Aiiyi jn.^Tl JiUaj'il j Ajjl jJI La! 

.5 lU^I Aa^j- 

liUi J 4" l-i" iJJ^L U jxaj (specific) Ajc jj ujl jjilo Ajsuoi (j^l jiJI Jjjaj I ■•'< ^; 

<aLk3l J .CiVj^l J J Aiill s^i^ J 2iLL (specific energy) Ajc.>i3) AiUail j 

Aj£jaJI AiLUI J!l*x (>=Jial '^i^ -t^V e-la- J J ^Jj^l j AiUa j!ia-<i jA AjC jj3l 
^ 100 c^J*^ WAJj^I tjajij (Jjia-a fjj tAcLiill sjjja.j3jS 400 c?J^! '-^ 

JLaloiU .4X.LJI 

E,=E^m (9-2.4) 
. jll ^1 jc. j]ji33 0 jjja. j3j£ 4 c5 jL-u Ajc. jj3l jLjj3I ^LL J Jaj 
IS (AiS^l j3) 2Ljc jj31 CjI JiUI 4j3i3l Jj^j ^ 4jK3I aSUJI 

E^ =mEj. =m(Ep+Ef. +U) (10-2.4) 

Ej =mE^ =m{Ep+E^+U) (11-2.4) 

U .Alil31 t3a.i5 mj 4Ajcjj cjlSUa Ep^E^'^U j <.^\ m a\ 

.[LV] j*i E^^Ep^E^^U ^ 

S jjW ASUaJI 2.2.4 

4^ jikiJl jjjj Jiiij J jJiiJI jj.iaJ ejjlc^ aSLL LaA (hcat and work) J^l j sj jaJI 

SjtjaJI 'Jaia jjJ.'tJj 4^jlal(i3l A^lij .IxJ iasa j^^' (IjJaJ^j 
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.iUuAJI SjUU Vllul V ' jJfr jS yiU-ll o-l-^W VllijI U^iua V) J-*il j 

jA (JaxJI J .ojlj^l A^jJ ^ tij^' ^■^JtJ CS^' 0 jail S--. sjlj:iJl JlSljl jj 

jlilall Jjii. jjt AiLkll JlSijl (jc. clliji Cj^joiaJl 

jA ejl jaJI ijfiSl oUjI j .sjI jaJI ^ (jjS J ja. jl 2j>jaj (jSJjj <aUa ^ Q ejl jaJl 

jj^j .AjJaikiall sjljaJI A^jJ Cjli Aiialall AjlUt eJjaJl Cjli AilaiJI (j^ Lulj 

^ ^^1^ ojl^pJI (Jliljl J I » ^ jialall J jA^ (J£ _)JC. (J'"'"' (jl Sjl^)iJl 

ejljaJI ^»-iJ .iAnin-\ ^ ^\ A'iW\n (jjajoij 4jl2j jjx ojl^pJl j^S-^J ^JaJjoiJ dlljjjjjj 

.[L'Mt"'] jA (2 sj j^l .[L'Mt"'] jA 

.ojl^)^l (Jliljl lS^>^^ ljLia.1 ^Ja-ij iliLia.! (jjjia-a Sjl^)^l (jj^ 

Jlajjl Ji ,n->j (_5ill A JUill ^iaJI A^LoiAJ 2 ejljaJI J^a-a -^Jj JJ^I lu^J 

G = ^Acr_-r,^j (12-2.4) 

Oliiia (j^a jJiLall ;_iHjj La^ljc SjUi ./z ><ijlt (j-a (<:i.LuAll o^li. j ^) J/iLiJI (_5jl jaJI 

(Jl at"! I III ^\ l^>Jaj (j£l .[/ 3*^1 (J nt'l I iij 46jl^>aJI Ia^>JC. ^yH sjLall (j« eJj^iC 
2^Laa. ^ (_5jljaJl Jiill L^Aiui JAtil /j JflTUn^ni 44jli.l.lll aSLLII jjc jjit'iII Jj-<asll liA 

W/(m^ -K) <^ a^jUJI ajji^jj c[Mt"^T"'] j«i Jaill Jal*- ^ U .JjU^I 

^1 j1 j^l ^1 J\ ^ J tA-a jiilall (^li^l (J£^l /Z A-ajS j . Btu/ (ft^ • hr • F° ) J 

.(^ ji.1 (J.^1 jC (_jic J tAilj ^1 A£jaia :i\ j-all lillj f.1 cUjJC ojl jiJI Jliljl J < 

A-aa .(—iti^l I ^LaJAl (jC 1 (; _ll i j 4(_>*iLiall jl (jxaijllj (_^jl^pj| (Jiill tlL^Lalsi-a ^ JAaJij 

Bird RB, Stewart WE, and <.^) ^ ^ J£\ ALSill a^U- 

Lightfoot EN, Transport Phenomena, 2002; Johnson AT, Biological 

.{Process Engineering, 1999) 
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jialaJl LlljJLic.| t^jLaJI fj/i Ljjlj (JiJj j! A-ajJalall (j^ ejlj^t '^jj .(t^V-ilji-ail 

ejljaJ] JaSl^. jlia. iaL^l lil ijllall Jj^ .(adiabatic) Sjljail 5-»jl9S SjjjjjJI j! 

jjc. ja.! A£ja^ s jSl 5-a jlilaJl jic (jfiSUl 43Ua jA (Work W ) J^l J 

s^lc (J.uil ' -'^j -^-lA W^J^)^ Ajajiala ^ S^La (J^Sl LjaJ (J-aatJI lJ^J j^'^^^ 

.(flow work) tjaiLo Jx^c j shaft (nonflow) work (tja-^lo jjt) cW- :a!c jj 

^ ja. JJ 4^ J hull JjiL<JI J.«JI Jji*- JSHaJ) jjfr J^l ji iSVl J-fr Jj*- jn.^'n 

jjjjll t^jSj i^Lj^^Jl jLiiJlj jjliiall J-uJlj 4jjJa.jU. iai^ jl SjS 4^ ^jJiittll 

jajiAll JJC J^l (^L JJliJI Ui jkJI ioiiio. J .laaJla Xac (jJ aJVI lUc. jjl .j^^iJaxJl 

.(cjVjlj«-a3l Aijlio Jja ljjjUjJI ^jLo^ .Ailik^ (Jj'j^ oW^I 

j1 (J-aJajJ 4iill«ljjJj<ojjll Aj-uIjJ ^ LJlc. J^-laJ (^ill ifjalLoJI JJC. (J^aatil ^1 jjf ia.! jjjpil 
3^ jiilaJl 't>^ ' '"'J^ '^j » j5 jxi 5^ jlalall --^^ 

=F^dx (13-2.4) 

jA i^'^ S jSJl oUjI liA (>ajJSj J .^Ll jjVI ji ^iLjalioll Ail m nil ^ dx jj «— ua. 
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x = 0 




:2.4 JiuiJI 



jj -'^^ ^ jdP^ (j<M --^--^ (j^^^ {3^j!LiJI jjc. ^J^oxil ^Luill JIj^I 

^ rjl^U {dW>0) ^ 5)L^ Uj^ A\ Ji±j .(2.4 Ji^l) 

(jl j^jj .4i!>lj«JI oIa ei-aj AlAjua ^'CsaIjJ UjIaj 413-2.4 aJjIx.*!! lyaj .(^dV <0) J' ■ 

.4^1 nini U J J I ^ <i 1 Inir I ^ s jill (_5jLuij till .A^\ ^_jJc 4^ j i ii< «i ajS jA i hll ;_ajjaj 

Igjjj 13-2.4 AijU-all ^ (jijjjtjlLj 

=PAJx (14-2.4) 
. X ^ ^ J '^'^ ^ <-&*^ ' <^V^ ' t-'-i' Al±3ui .lU-iV . dx AiLouill 

J.0 X (jjS ■ 'j^ ; ClLul.la.')/! 4-0 jkla >-jj*Jj . X = 0 ^ jA (_pij£-<il] ^liLVI ^ji 
JjJall (_5jLjU X (J Ill's nil ^jJa jaj b (jJJ AiLui.all j . ^ Ajjljll 4jl^l dUjIj (jiuLall A^ja. 

4X Ail I II nil 'J ^'j^ -l 

l=b-x (15-2.4) 
y =A/ =Al7-Ax (16-2.4) 

•2 --^ ^ ^ ^^^1 ( (ix (_$jl-uij AiLoui ^jju^^I liS^pijj Lii.ljc.j 

(17-2.4) 



jy =J(AZ7-Ax) = -Ax 



(> ^Ull cUJI aJU ^ 13-2.4 aJjUJI Jij .c^lS AZ? J(AZ?) = 0 uj ^ 
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W =-^^"PdV (18-2.4) 

LaA V2J Vj J tj^i-^liiill 4-o_jJalall --^^ jjij jA dV J t5-»jJaiall laijJa jA P (jj '"'j^ 
iULoi J-axJI (jjll 4(Vj<V2) A-ajiilall JXaJJ j .^l^Vlj ^^'^Vl (jW^' 

J 4 18-2.4 yjUJlj (_sia«-4 jUJI (J-aiil jl .A-a jjilall !)LaC; JaJa^l JijJj 

.3.4 Jllall ^ <] 

.4-a jJilall ^jU. J ^1 S.:La 3-aj!i!l ^iLkll jA (floW WOrk) jajlaJ) JaSlSI J 

: dx AiLu^l cUUSj SjilU W cUil injjj 13-2.4 AijUJI ^ cUl^lj 
W=pF^d:x; (19-2.4) 
(J-*J1 oJj 4£i*Jl t> jUuVI <0\ cA^\ >la.Vlj 19-2.4 aJjU^I ^ jl-jj 

W = \''Wdt (20-2.4) 

^ =F — = Fv (21-2.4) 
J? 

A£^l)-.'unVl .[L^Mt"^] Ia.1)4j (power P) ijM J ^Ualu<Vlj J-*JI J-^ 

4jj\jJt ^^ 4jE sjjjI X ^jall j 4(horsepower hp) cjjliJI jL-azJI ^ AxjLill J 
. J/s ^liUl ^ J_H^ ^l£Jl (watt) J=l jll J 4 ft • Ibf /s 

4A:a.Lu<aJlj . ^11 gjU ^ e jSJl fj i jlaj .V Ac jjoJU (jSJla (JjLui l^ikAl 4-a jlala ik 

jLoiJ 5-a jlalall (jaJCLall Vl^ (J.a*JI J!ia-a (jli 

\y =F^v =PAv (22-2.4) 
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(^ill (_3a^l J^l :3.4 JSAiJI 
A ^L^VI tl^i^l ^U. ^^^^ '^^ ^'^ 

^JaLJI A j t<^jh'i<^il J jJLi. (JjLuJI JjJC- A3c. . jA /* (jj ' 

jA cUJI Jix^ J i ^ <jl .(3.4 J£^l) J^UJl J-^l LSJ^ J*^' 

(j! Ij^J .Llajl <LaLai JJjlia 1^1 5J.lUi-aJl L^J^Vl djljJalall ClilS .^Sa t(_5-<iiai 

^ JjLuiII (^Sji ^LjajxJI Aj^LuLa (ia^S jlaliJI Aic ' .'■■■^J (J^l 

JjLJI AiijJ (_^jJt (J<a*il (.^a-o jjj (Jjsll jA Wg^^^, ^ jjalall JjixaJI (jSJlall J.a*JI (.&«-»J 
^jLkx j! ^ja^ 4^ (JjLiill AJijJ J.a*Jl (Jjix-a j iA-ajIkiJI J^llx J Ji..l<i t3a.SL4]l 

•A . jk'.^l l 



(23-2.4) 



(IjljaJl ^jjauJi 3.2.4 

^^JuhJ,^_y, ji jA (enthalpy ) (| JjaJI ^5 
H=U+PV (24-2.4) 

(_^jljaJl (^jia^l .i*J Lalj --^-^'l ji> V J iiaiuJall y> P J 'Ajlk'-^' AILUI U (jI 

Ij^VU 4^ (_SjljaJI ^_^la-<JI i-ajaJ -(5.4 ^Jalall jJijI) ^1 jj Uxaa. 

P 



H =U +PV =U +- 



(25-2.4) 
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.(j^a jiJl li^ 8.4 J 5.4 (jUaLall (j^jlai. jSj .iaijuall j jjkJl j ^^U-J^t i^Jill J ej jaJl 

7y=[/+Py (26-2.4) 

.AjI jjij 

f Ij^l ^ <|Jj^l JJ«J 2.4 

(ajjIo 25) Aijill ojlj^ ^J-^ ^ lS Ji^ JclLa j^l Cjltlis (Ji>.lj :4jLui« 

1~« ■ '-^l ' '' 'J^ ; «.ljLil JAxJj f\ ^J^J .Ajjla A^jJ 37 (j^-^ J 

250 .iIjJS *I J*il Ajc jjJl AjkU AiLkJl J (>aljialj .(^ja. iaijJa 1 .0 .iic (JclLJl 

t^ljLj liSLy (jl (_>:a jjsI . i»l jc. 28.9 ts^j^^' ujj^' lsJ^ ^uj^'^I 

.^llall jUil 

jiic ^jill ^1 L^Lo^ (py = n7?r) Jllall jlill oj^^ iS^. 

:Ai >]l iJj^A^j^ ^ .(310K) 37° Cj (298 K) 25 °C 

fo.08206^^^\298K) 
y.y.RT_ [ mol-K/ L 

n P latm mol 

y =25.4L/mol .310K^j 

:25-2.4 
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250^ + (la425.4i-24.5i-Y'51^1 = 341^ 
mol V niol molAL-atmy mol 



4jK31 ^Lkll JiUaJl .j^Liik^il ^ ^1 ^lyi JUjjV 

4-<ija iJJ^\ (J^l ^ijJ-a (j-a Ifrljj:^ Jj 't^^ J JJ o' S?^' <aLki] jji^ V <ji <jJc. 

.iiiiaaax I'inijl 4jjLij^Ij S .<,-.K^...ti <5Ua]l Ljjxj 443Ua]l j- Icl jjf J VI 

CjV.l«-«J (jjisj .4.4 Ji^l AinJI 2 .^U.-..ll ^ (_^tj .1^ <1J^JJ CS' J ij/uiilj 

(J^Jt-al _>ajJj . Q J A-a jh'lnll ^\ 6jl^>aJI Aj ( i\ i ^"l (J.i3«-<ill 3^JJ .Axjh'ull JjA^ 

jjj AiUall JliijI jUurJI Ikb Clu=^ iiliaaiU <Axl\ aJjU^I 

AlUJt iiUaJV AjLjaliill Ai^l .AJiia^ iLKJl jV ^/ liCi^l J iJii 

^in-*J'out=^acc=-^ (1-3-4) 

at 

Z4„ +Eq +Zw =^ (2-3.4) 

t4«jnr->ll SjLJI JUjjlj ^LajiilaJl AjKII AiLkll Jji.J jA ^ Sy ,- u! 
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J 

jjAjJ ^ " j^'"^' AjKII AiUall ^\Ji J:i3ua jA dEj" Idt J cS^jlilall Jjiiall 

y^j^ Jill (jjli .k^ <aUa]l ^1 j; J!l*x J <^ jkiJl 

2-3.4 AJ^iLjiJt J jOa. \J j^IjjjVI cjjJiJl Jjja jl«-o -ij-i^ 

.[L'Mt"'] 




J:^ ^'yi 8-2.4 AijUJl >i5 .^li^l c^V'^j ^li^l JL«la.U ^LKll AilLll JiU=Jl 

Ej. =Ep+E^ +U =mEp+mEf. +mU (3-3.4) 
•.^/^\ JLilLi 2-3.4 a1A*^\ ji-jj 
(4-3.4) 

(5-3.4) 

Xm,.(£,, +E,. +U,)-Y^m.{Ep. +E^. +[/,) + EG +1^ =— ^ 
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S^=E^flow+Z^no„flow (6-3.4) 

^fiow = PA V = m — = mPy (7 - 3.4) 

P 

(JiXo (JjLoi ^JiiJ (_^iJI (Jxxll (J!lii-<i jjjj Jjill jA Wfjjj^ (jSJlall (Jxxll (Ji*x (jl <3ja-<iJj 
6-3.4 <i.lUtJl 4Ju£j 4 _/ ^ ji. ^ (JjLJI 4jijJ ^ill J^l J!i«-<i J j jiiiall 

=Xm, ^-Em, ^ + (8-3.4) 

; Pi 7^ P, 

5-3.4 aJjUJI ^utiS |i3 

5^m,(£^, +4, +[/, +4, +Uj +—) 

i ' • p^, ^ ^ ^ p. 

+Z<2+Ew^„o„flo.=^ (9-3.4) 

jjll (JjljaJI ^jla-all JLaaJjoiU yjl«-<J) ojlcj ''ji^^ 

+Ee+Zw^no„flow=^ (10-3.4) 
AiUall iiUaJl AijUJ AjLbUill ^! 10-3. 4 J 5-3.4 jiiljUJI jU c^ill^ 

La LJlc. J . jjjjli^aala (jilila j Qnh'.l (j^^ ^-lljoi^l jjii. A^s.!iLa AjLil£!ill Aijj^l 

J ojlj:iJI J Ailiall CjV'Ax-s (j^ J J.ix^ <ljU^ 4jH£j1I J<i»-uni 

:LiA jliiLl^ill iiUaJVI tiljU- .ajI^Ij ajI^I ^'-I^-' j^j 10-3.4j 5-3.4 
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j X"^- +^K.i +Ui ) dt-\'j Y^mj (E, ^ +E, j +U. ) dt 



(11-3.4) 



I'' J^m,(E, , +4, +^,) J? - j^'' Z"^y(^p,; +^Kj +Hj)dt 

° i " j 

+ il HQ + Z^nonnow = ^ dt (12-3.4) 

11-3.4 <]:ilx^l J jA Ua jjUll .AjjI^VI c?* ^/ J M^"^' ^ /^^^ dii^ 

uj -c^Jj^^l tiii^l A^J^ 12-2, A aJjUJIj AiUJl aJV^ 

liA ^ ^ lilj ilia. Uaj-^ (jjSj (j1 (jLoJ ^lUall jiUajl AjLl^l JjUuJI 

4eJj.la^l Ajiajll .iiall (JllVU. ^ ^jKll AiLkll iUajl 4j.2L!<-al <!Jf?JI Jot'u.i' j 

^tuiuil jj^^j .<iLlail j1 <L.ails jJ.llL> ^ j^''-^! (J^.^j Lall&.j 

Q = \lllQdt (13-3.4) 

:aJjIjix31j Aiui-4 Sio 4-a jhlnll JjiiJI j^^K]l JaxJI i^J»Jj 

W = f''Wjf (14-3.4) 

Ij^VlS AjKil ASLkJI JiUaJl aJjUlJ AjjjaJI Ai^l ^ii.-.' ijjajjsuil jji^ 

+^^.- +f^,)-Z(^pj +^^.- +U.)+Q+W =Er, -E^l (15-3.4) 

.^Lul^Vlj iUIJiijVI jnh^Ut ^ A- jikiJI ^ ajKH aSUJI E^j j E^l 
:ajo ji3l AiUJI aW^ aSUJ] AjLiUill 
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+4, +U,)-Ym.{E, . +4. +U,)+Q+W =E^; -E^; (16-3.4) 

Ajjlsi-aJ An'i ui 4 it J I ,-1 'CSj'^P^^ (_5 jjta^l CP' J lJ-**^ jl^iLall jjc (jIaJjajlUj 

:2uj^l a^KJl aSUJI JiUaJl 

' J 

+e+w^„o„flow=^;^;-^;:; (17-3.4) 

AJjJ&^I j ^li^) 4.4 

:16-3.4j 5-3.4 o^i-^^l sjUl JlSiiU 

Ze+EH^=^ (1-4.4) 
e+w =£;^;-£;^; (2-4.4) 

.^^SlA\ jjt J t^ajlall (Jx«JI (j-o (VV' J W) J^^.^in cujjj«j3ljj J 

(jiuia il^j-a l^j ji. j! 2 ^jU-.^ll ejLa J^.i Ijiajj t^ili-all <ji 

jjK uillj Lii^ (j1 'iaSa ^3a.iL4ll jjc. (J.4»II (W j W) jn^'n lil .^3a-^ cW- 

jjj (JjiJI (^Jc 2JV.ill 1 JflT-mn J .(Ji..lll J ^jiJl LSJ^ lSj'-^ Ui^ iJJ^' cs^ 

4^ ^ AiUaJl JiUaJl ^ji^' j%a. .AjjIjjjVIj A-o jiiiall i_s jjt 

e +w = (£^; -£^;)+(£^;^ -£;^;)+(t//^ -c/o^^) (3-4.4) 
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Q +W =AE^' +AE^' +AI7^' (4-4.4) 
Jliil 3.4 

^ jUil CjVj-I J^lj .(5.4 J^l) sjj^l o- 61.3 c?jliJI jj^l 

JajJI jA La J ?^U]| jUJI --^^ jl.^ jA U itijlj (jujLall JajuJa jjsK 350 

(j^ajial ?Ajk.l.ill jUJI AlUa ^ Jiiull JjLo jA La j tjUJl JAAi Laija. 5-a jlilaJl Jjiiall 




jlill Jiioj :5.4 Ji^l 

.(_^ jlc. JjL (Jclsj I-UjoU 



-5.1 JLa«ia,l Uiixj cjllall jUJl .iljLo. ^ jUJI J (>1 J^' Jj Ij^ :J^1 

(_lLuiaJ j^llall jUil (jjjli M^jjj ^ '"''^•"J J-a^l ■^•^ ijj ' J^J -14 

: jjJjLoia 1 -(i^'r J ^hW^'^I j AjjIJjjVI jJjlLaJl jj/i 4/1 dlV .2.1c. 
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V, =K^ = (1.0L)^^^ = -1.17L 
^ 7; 298K 



: 18-2.4 JImIoiU <^ JjiuJl (J^l <.hn->j^ 

W =-|^'Pjy =-j'^'^''(latm)jy =-(latm)(1.17L-1.0L)=-0.17 L atm 

L-atm j 



W =-0.17 L-atm =-17.2 J 



4j.ilj«-<JI) JjVl i4L<iLjjJj.<i Jill jjjli jjll lil .Aili-a (_>.u£-a3l Cllj 4jjUJl jiiaj 

:Ajk.U 2L« jiiiaJI aSIL ^ Jiill Lu!5L> (3-4.4 

Q+w ={E^:f-E^:,)+{ETj-E^%)+(]UT -un 

(f//^ -f/o^' ) =2 +W = 61.3 J -17.2 J = 44.1 J 

.V J^>. 44.1 AjLi.'-^' ^ jiiiall AiUa ^ jjiull jLiiJ 

j^IjjjVI jjajiiJI jjj L« 4j.<il£ll AiLUI jjili V tAiii-<JI ^ji^' (>^=*-» 

1 (i'l^l 1-1 1 (j£-0J '<1JJ^ ^ jlala Jc.lijJ LoJijc. 4j! . jLjUJ V j In I nil jj ^Ji^ jhull 

^hjjoJl ^ Ajk.l.i]l AiUall ^yij ikl JjtaJ La lj>Aj tc&JJJ (.jljjilall j>i UjJC. j JjUlj 
^LiUJ) ^1 jji ^ jkill (_±a^ 4<4li-<JI jjiill ^ J.oUj11 jja. J .oLja^Vl t-ict 1^ L«^ 

Jjjj ^ V^ljll ^UiJI clil jjij 4.4 Jli»31 
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. 37°C ^ jiJI 8 J ja. (jx ^li^l (jx j nUjfl 500 l^JXjoi ojJC (') 

.— 70°Cj_5J^ AijiJI ejlj^ ^J-^ (>» j^Li^l ^-^1 C>° j'^bb " 500 IgJajLji ejJC 

lil .U»^ <A 2tiUJI CjI Jiu jU i ^ 2cLlii j^l J 1 jkjj 

j>i ejl jaJl Jajj 111 2<j^-;. *l (Jj^ t>> ^ j]aia]| \ ^\ J^^ ^ 

.ojLiVI 2 (jj^ lilj t Uj^ nil 4-0 jlilaJl (jx ojl jaJI JijJ JjjjjJ (t_l) 

:yLui J^l jjSj lilli fUj 

5^ ^ J <^ jiilall aJ] ^jL 4iUa jjaiij 4<] jjx-all 2^ jlalall j 

•C?^] 2-4.4 J 1-4.4 (jWjlxJl Jji^ J iUiaji ijix^ J-*J1 J SjljaJl jLoy tAj jjx^l 

0 = ^^ (5-4.4) 

0 = e;^; - e;^; = a e^' (6 - 4.4) 

<_ijiill 4jK3I 4iL!all jl:>Li j .a1 jjjtJI jlilaJI ^ 43Ual3 ^1 Jj j>i 4^ ^_ylA 4j| 

4-a jhi J ^ AjKII AiUall i^ij^' '^'jW'r? •<^'^'^' i_aj]i]l <^ (^ill lillj jLaU (^l^VI 
.4jjJaJI J Cllinlajll ^ 4jjj«-<i ^Jaj lja.iL^ La I jjLi 4^1 j]| ^jSJ .4jjlj 4J jja-all 
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Ajl&liaUl ^\ ^ ^ J lJLm^ 5.4 

CjIjjxjII Lai c^yijll jj-a ^1 J J ^ialall IjlA jhVu.i j . Jtlijll J ^ ^ 

Felder RM and ) .8.4 ^Jalall l ^ . n^ l vi.ni i Jcliall ^jc. 

jk jjj 4 (Rousseau RW, Elementary Principles of Chemical Processes, 2000 

(jAjJaoi (JjLl>l4 (JaJ AijaLaJI ^ jl jaJI j^a-all J (j^jJajJ 4iUa]| Jaliajl 4jjl«_o 

^Ia ^Ij 41*^ jj i^J jaJl jia-ai) 1.5.4 

(_jlc Ja^ iajaj oAj^ ^^U. 4JUJI ^jj.^U. J (statc functioii) 5JLaJI ^Ij 

(_U*JI J ojl jaJI La! --^^^1 J ^ jaJI (_5 jla^lj ^» ■ j ojl jzJI 

J\ jLoiJI (_jJc jiAxiu La^jV (path functions) jLuw Jj i^JU. "^yulj LuJ La^ 

5»l HI Jail AiaaiuLall ^iijiall 

Ajjija. <^J.^ *La 4_a j^""-; cJ\a^ Ijj .(6.4 J'Sniil) 2JLi. Aj.^U. L^Al^ ojl^pJl ii. 
cLall ej J2>. ^J.i ilul£ 4(1 jLauJI) 60°C AjJi'jj ^ i 85°C t^ia. 'Giiuaij 1 15°C l£ J^oi 

Cjjutjj 4l5°Cj^j tlgni4i AjjIjojVI (> (jjiuonil ''■•■< jl LaS 

j^jlc 4-a jh'^nlt Sjl^ja. A^jJ A&uj V 'cS.J^' '— jW*^ -(2 jLukJI^ o^jjuaU-a 60° C QiijaaJ) 

^ ^^UiiVl ^ 60°C c5jLa5 ^ . 60°C ^ 15°C t> *Lall jji^ jL^I 

A^Li. S-<ua tJjjlUJI ^ jLaJ!ill ejljaJI ljl.iLa i-slikj i^SjiJi Aj^U .jjiilUJI IjlS 

^LaJ^iUl lilli j> JK! (1 jLuiJI) 85°C^ 15°Cc> <^La]| Sjja. 

85°Ct> <.La]| Ajjii sJjaJI ^\^J^\ J\ .(2 jLo^l) 60X^5:1^ 

t_ajj*^l e J jaJl Jjla jjli c(l jLuLall ^) 60°C 
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(jljL^ :6.4 Ji*iJI 

15 c-Loll (jai-uui 
60 4^ 

AlliaJl 4ij3«-« jH/il .k^\ ^Uall iiUajl SJjUt-o dilinkj 4JU. ^^Ij H j 

(JjV.i«-o Ji Jj~^ Cm l^jj^ i—lLiia. jk^ jaj 3.4 ^ialall tllV^llji-all CjjuJaj 

:10 

+Z^„onflow=^ (1-5.4) 
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AH =-J^Th.H, +Y^rh.H. (2-5.4) 

i j 

i^LiKll <aU=Jl Jiliijl aJjUJ 2jL^lij]l Ai^^^l j-'-^" ^1 oljU-aJI ^ cs^J •'J^-^ 

^ tjL-aJ AjL> Jjj <H kjjA^S (> AajJ ^ 2-5.4 ^^ AH jiiju 

tAiLaJI 1^ . Jj^all jilt (_5jlj:iJI ij jia^l (jjiLui! ^_jic. 2jC.jj]l Aj Jij^A OLijla-a]l ^ Irt'l 

AH =-X^,-?^, (3-5.4) 

iiUajl 3JjUi-o Jjiij '(>^ljP lU-*^ V ^ J^l J J^-llI sJja. jll 3-0 jlilall A^U. ^ j 

:J\ (10-3.3 yjUxll) Aislll 
m.-m.=Q (4-5.4) 

^''t ^ jiJlj (Ji..ill oAri. J 5-0 jliia] 2-5.4 5J.lljtJl Jjii.1 Ujixj dij 

-m,.//,. +m.H. =AH (5-5.4) 
m.(Hj-H.) = m.AH=AH (6-5.4) 

(_5 jia^l (_^j«-o ^yij AjIjS U^-^J -^Jj^ A^^^i (^jj^l (_g j'-s nil ^jc jjc. ("n^ 

: JLilU 

n,. (H . ) = n,.AH = AH (7-5.4) 

jia^l jjij I— ajatJ liA .17—3.4 AjjjaJl <Sjlsi-aJI Igjoiij 4 ni^linll e^A ^jj;^' (jS-aJj 

:—i AH ijj 
AH =-^m.H. (8-5.4) 

^LljiaJl JnT'lni'l ClU . II-. II ^ .5Jj^l 4JV.iJ jill (_^jljaJI jJa^l ^^'J tlua. 

Aj^ Aj^VI ^jJ 4^ 8-5.4 ^jUaJI ^ AH (Jbjsj jjjsu ^iLkJl JiliaJl aJjUJ 
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^Jaaj ^ ^ lijS (^JjaJI t5jJa-»JI ^yij i-iLuiaJ ^jia jSjJ 

3JV^ (_^jljaJI jjijl Ai^jL^ jt^i jjl^ 43-5.4 aJjU^I jljc- tjitj ^ >jt;:^ti 

:B <JUJI A aJUII t> ^ jill 
AAiU A// ^ B^U (9-5.4) 

^ jli_al] AjiiiaJI 2.Aja]l .IjL-a (_5jLuij lsJ'J^ isy:^ '^J3 o.ilx. (_j-la»J 

jA H^^^ ^J-H^- H^^f J^. B <JU11 ^ ^ Jill J j^l J^h 

AH=Hg-H^ (10-5.4) 

i_i jjla jjjj dil^yijll jLiuiaJI ^ ikL jLux plAij jS-oJ 48. 4 ^iaLJIj ^JaLJI li* ^ oUijaLj 
(j-a J JJXJJ o.llc- Ajltlij"^ jh'M ^ jLjiaII is jiai. (3^1 JJJ j ji>-ll J tj^-ll' 

AH=J^AH, (11-5.4) 

k 
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(jiiLajL eJjaJI 4^-^1*31 ^-j.'^'l (jiiL^I jjc 4i^U'niVl jLoJ l^^sM CjljJ jLa tAjcli^l 

aJIc. ojI_)^ ^-?-J-^ J (JjIa 1-1* >^ daj ojAk-aS oio •^iijSj ^S^)^ tJ^^"^^ 

2l=.U <^ i^li^l JtUm csjIj^JI t^il^l jki ^jL^j .(1800°C, lOOOOOOpsi) 

lAiiVI (jiuiaJI Cj| jiaaJI jm^-i'n CjljLoiJl .(7.4 J^l) ^^jJaljial jLiui pUj 

a ^ (m) .1800°C^ >J1 Ji^ a ijL^\ J (I) 

^ (jr) .ini^l c4 oji^l ^ .1800°C, lOOOOOOpsi 

jjl .AjIjiJI CjjsI jiil oj o-UVI Ajjii AH5 '5 



25 °C, 14.7 psi 
A//, 

1800°C, 14.7 psi 
I 



^1 jLu^l 



25 °C, 14.7psi 
I 

1800 °C, 14.7psi 



°C, 10' ps 



AH, 



1800 °C, 10' 



^Ijial jL^ :7.4 JiJiJ) 



JiLuJl (^jjHH jjjjj 5.4 
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^"'^ (cl)^ 298) AijiJI ojl_)^ ^-^■J-^ J (jj^jjiill jlc. Ai_>JJ lJ_>^ (_K"J^' 

77 ^J-^l iS^ iijJAAA <jUlc. Claj ^ JjLJI jja. jjjill ej' ^J-^ 

(_^jLuij ^jsK 77 j_5j^ 298 (>> -iijfil J^' j' J^' j^a^l ^yij 

AijLJl AiUJl ^jill (^J jaJI ijjii^] Jjiu J\ c ji^l .-1435cal/mol 

JJajoll SjjaJ Ajjallall QA Jjjx 1336cal/mol t^jLaU t^ja-jJiiU ^jjUJl <lLaJl 

?Sjjj^l siA jill J jaJI Jiill jA U .(4.5.4 2^aLJI 



^ ^ , ^Ijial jU., :8.4 JL^I 

Ai/i"^^ y^H^ jjpLJI (^jljaJl t^ji^l Jijl 



Aijii J /ini'^ t5^J^' SjiaiJl fUijl (j^<oJ .(8.4 JSJill) JJ^I _y*-^J ejlj^l 

jjUl ^ Ailajjl) jj^jjjjll ^4" tS^ Jn'unM 2 S jIaaJl j 4jjslS 77 (jil^ 298 (>« 

AH = J^AH^=AH^+AH2 

AHj = -1435cal/mol 

AH2=-A^v=-1336— 
mol 

•CS^-?^' t^jljiJI t^jia^l jkjll OJ^J 
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AH = AH,+AH,= -1435 — - 1336— = -2770— 
mol mol mol 

ol^jiui Lai lis J J .IjJJij l^_taaj <JJ^)-4J (jli-L^JJ i_gj\jsJt\ jOi^l (jl ia^V 

Ja.! j> 4-0 jiilaJI jj-a ^Ua Al\j\ t_Laj Ajf jjll J jaJI ^yij3 

jl jaJl j'l'. ni l (— ll jjij ^>aa^ o JJJJ" ^^^1^1 jl jaJI (J jia^l ^yaJ t^jLoiJ 

dlljjju t_lLai^ ti^lj^ (J'-^aill IIa AjL ^ ^LojAVI i—u^ajjj .(_gjJal jjsVI jLauJI Llll jlak 

^j-a]l J tAjAaj]! Aji. J ,_jlc. (jliljjjyii J .Ailik^l jLouill Cljl jjai. ^ j_^jljaJI ^ jla_a]l 

I jl 1 11^ -^J -cSj'^^^l JJa-all 'Iji*^ t5^j C^-^J^ J->^'j -ia*J-^lj ejlj^l ^-^■J-i 'lj:}*^J 

4jK3I ASLUI Jiliajl 3JjUi-a JjjiaJ J^' J <J^-^' <^ J J^' L£ >i^l J^'^ 

.(6.4 ^ii^l) 

S jl jaJI 2.5.4 

(sensible o< Sjl jaJI s^La ijj^ (_>olij| J SjUjl a1 jSiall sj jaJI j_j-aja£i 

jjc. (Jxc J 44jSjaJI j! 4jxl£3l iaUall ^ ^yij (_>iiJ Sji. S jSlaui 4-a jlaia .hcat) 
(_5jLbUJ l^ia <J jl hi nil Jl J I n'^ nil ojl^)^l t <1 i ^"l CS-^I lJ^^l«-<JI (jj • cjS Jj-o 

S ^ jk'i.H I »■ jS-aJ .4_ajiaiall (_5jljaJl (_5_pa^l 4j (^^1 (J!i3«-all (jj^l 

: jjiiiVI ^jf?JI J ^jli^U'ilt jjJjl-2lj<-«lW W*^^J 
Xm,^,. -X"^;^, +Ze =0 (12-5.4) 
S^»-S^^+2=0 (13-5.4) 

(Ja.jllj ^^pJI (jJJ <_5jl^>^l (_SjJa-all ^-^ _jjaii-a]l ojl^)^l (_5jLjij t^JLiJI «jlA 

(jjjl.ilj«-all AH J AH ^^J1U JLaaiaiLjj .ojljaJl (jlaUajl j\ ^tijjl jjC. ji^Ull 

jni'.nll ejl jaJI ^u^'i t9-5.4 j 2-5.4 

Y^Q=AH (14-5.4) 
Q=AH (15-5.4) 
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. AH J A// ^ 

(J^La AH /at <iau3l ^Jjiaj tjii^l j>a AT J Jjsl .A// jjJI 

:(heat capacity) ^Ija^l 

AM 

C„(r)= lim (16-5.4) 

J/(g.°C) J/(mol.''C) .cal/(mol.°C) ^ <-iLi31 '^J 




, A£>Ui :9.4 JS^I 

4juuJI ^ i-> 1 nil Jxa Jaoj .SjIj^I 
.Culj Kiriri AjjIjaJI 



•■^ 16-5.4 Aijl*^ AjLl£ill 

m = ^^^"c^(r)dT (17-5.4) 

Ajoijni'. J sjljaJl jj.a JLa^ AjJjaJl At mil (Jxl£j jLoli 4 15-5.4 5JjU-al3 
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:(J" ejljaJl ^J-iJ ^j^l '"Ji^ Jj'-^ ^j'j^' CLll T I nil Lo IJli-j 

C^(T) = a+bT +cT^+dT^ (18-5.4) 

lie dll jlc. e.lc J f.Lcil C (—iLoiaJ AiaalouJl dj Cjbj tt JlloVl ^ (_ylc. 1 .4 J J-i?JI Jhia-i 
ejljaJI (jc. ^yju dua. J/(mol.°C) jlL 18-5.4 aIjUiJI JL«1luIj jsJI ViT . ^11 



i^jl^-JI E.3j E.2j E.l ^3=^1 csiia^j .<jjl<JI <^j:ilLi T 







JxlO^ 


cxlO^ 


foxlO^ 


a 






0-1500°C 


-1.965 


0.3191 


0.4147 


28.94 


> 




0-1500°C 


7.464 


-2.887 


4.233 


36.11 


> 


















0-1500°C 


-0.8698 


0.3288 


0.00765 


28.84 


> 




0-1500°C 


-2.871 


0.5723 


0.2199 


29.00 


> 




0-1500 °C 


1.311 


-0.6076 


1.158 


29.10 


> 




0-1500 °C 


-3.593 


0.7604 


0.688 


33.46 






0-100 °C 








75.4 







."C (jj^ '» J j^' ^ j-^ jj 'J/(mol.°C) ajJ j^I ajuJI sj^j * 



: 18-5.4 2lJjUJI (> Laa 

C^=a (19-5.4) 

17-5.4 aJjUJI cj^f J Jj 1 >ij 

m=C^(r^-T,) (20-5.4) 

ibuts (lcal/(g C) J 75.4j/(mol-° C) ) ^Ul j^l 
C:ljUil J j>^l > 18-5.4 'Ah\^\ J a JjVl .0-100°C JMl ^ »Jj^' 
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AH=mAH (21-5.4) 
AH=nAH (22-5 A) 

4 (j _il ni <i Aii^)iaJ 0 J 1-1 *> 11 a^A A^jhioH (_^jl_^)aJI ;_jj!la_<JI ^ J:}*-^' ijiat^ ( _ <1 l^i'. (j^^j 

j^iiSJl t3aill ^^^l^ui JLaS^Lj 
AH=mAH (23-5.4) 
AH=nAH (24-5.4) 

L_u£ J 5-^ (jjaaXall ^ ^ I ni n\\ jl-ijll ^^jjll ^j'^ -t^ ^ .JaijJallj 

Felder RM and Rousseau RW, Elementary Principles of Chemical Ji-) ij 
Processes, 2000; Peny RH and Green D, Perry's Chemical Engineers' 

.{Handbook, 6"^ ed., 1984. 

(jjiijul) flu! f Ij^l 6.4 Jllail 

. 20° C 1^J'> "It t-\ J& ^J'^ UJ^ Lolic (_^jljaJl (_g j'^ nil ^yij i jni^l ."i^l^J 

0 c^jL^ 3j1nilll <JjIaj]l (J J iAja fLo V (^1 iLaLoJ i-iLa. f\ J^l j1 (_>^Jial 

.a^l 



25"C ^ AH ,rC ^ ■^^''^ 

cjjl_^j . 37°C ^ 20°C t> *lj*il s jl A^jj jLo^ 10.4 JS^I : JaJI 
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: 17-5.4 AijU-all JLaalail if.\ j^l ^JSJij ^ jjSi (_^jljaJl 

AH = f;C^dT 

= f' '' (28.94+ 0.4147xl0-Y+0.3191xl0-'r'-1.965xl0"^r') dT — - 

J20°C mnl.' 



mol°C 

=491.98 — +2.01— +0.045^^ — 0.00084 — 
mol mol mol mol 

= 494^ 
mol 

. Jj.»ll Jj^. 494 c?jLuy 37°C ^ 20°C t> *l j^l sj 
laajj JjJ .ijjj '^jjja. A^jJ (j! (jja. ^ IjjIj jUJl (jjSj jJl (jiiill s.Lii1 

.3.5.4 ^iaiall e.ljl jll ^jiSllall ^^^J 4 u^njall 

iaLualt jjxj 3.5.4 

: Ji..Jl J OJ^ tij^l J^lj 25-2.4 <1jU-<JI 

AH=A[7+A(PV) (25-5.4) 

AiU. U 25-5.4 aJjUJI Jjikj |jJ .iijjal) (jc LjSj V ^ 

AH =y AP (26-5.4) 
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^JaxjJa (j^^^ ^ jl 0 C! ^liLoll ^UtJI d^i^^ U^?^ ^ ^ij-.. ^ "^J^ ' ^ 

^Ij .^jjjaJI <uiall illULoiaJI djj^l ejjLj CjVU. eiAj '(^J^l iaijJaJl jjx IjiiS 

Reid RC, Prausnitz JM, and Jl.) aJU^I jp. cJJjJA o^j^^ L'ski UiS 
.(Poling BE, The Properties of Gases and Liquids, 1987 

jjlail jjij 4.5.4 

A^Jdj (_5jljaJl (_sjia^l j iaUall Luxaj sjjjS i-il^yijj Ajjjiall Cjl^yijJl (jslju 

e.L<Jl liJ^pJJ JJ^^ .(—llt-allj (JjLuillj ejl_yJal jjjj 

(J^LJI 5,LJ3 t^^jjll c5 jl jj^l ul^ '2.4 J jJLaJl ^ (^4" jA La (jij .J jj-^' J 
. 100°C c?^l t^l^ t> 

AiU. J 4Jaaj j_^t JLiiiulL Vj ^''^''j V J jl jaJI (J Ajkill Alja-o jj£aJ V 

^^jill csj j^l t^ii^l .(O.OrC, 0.0061 Ibar ) oj '4^1 j 

(j! (jS-nJ t^J^I C?j'j^' (_g ji'k nil ^ (j! .Ijij-o c^j'-^ Ijl-il nr-l aJl51jJ1 <Iaaj31 lie. 

.(jiilL^ (jjj (3-)^' t— ll-Lii^ (jj^ ia^ (J flt'i n' 

.lie. j^l |_gJl Jjia t>o 6.iLiJI JlajjU (j^^pLJI 1^ jjll jaJI (_5 jja^l Ji*^' 'J*iJ 

S J jaJI J jc .^^ jjiall ^yijJi (latent) ^lill Sjlja^U oAjIj S J ja. 4^ iaijua 

(_5jjia JjijJ (jjjLall (_5jljaJI (_g j'l'. A jLuJ ojljaJI jl Aaj 14~5.4 4j.:lj<_a]| ^IjaioiV 
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fUli <^^l <#Jj*^ tSjia-»fl :2.4 JjJaJ 


JaLw^ail (^jLuy laL^aj ^jJ 100 ijft 










419.1 




2676 





.jjliSI jjij OljjjjAdu :3.4 JjJaJI 















AHy 








-AHy 
































-AHs 





jls^l (jj2 ^ (latent heat of vaporization) AHy kLt\Sl\ ijj^j 
.(-AHy ) Ai«l£31 SjljaJ AjILJI 4-«jaJl Aixilill 0 jl (jli i<]U. <L^Lk 

jl j^Jl tiji^l tij^ (latent heat of melting A//^ ) jl^^-ajVl ijj^j 

jl ^ , ^'iVI (_lllajjj .(jjjjx.^ ^» ■ J ojl_)^ ■^J-^ ^ijLuJIj AjL^I (jjiiaJI ^"lir u.^ (j^ 
jl^j^'il (j^jSa-o jA .Laaall Ji ^1 i jiuj .(!illo JjLJl (_1h1^ u'-?J^) ^^=^1 t> 

AjlLiill 2Laja]l (_^jLai 2LL<iI£11 SjjaJI jU 44JU. <li-<aU. jA ^_^JjaJI jjl ^jj 

.^SUa 4JIJJ L-llialj UL^ ^tfL^ JjLu Al-aaJ (jj . ( — A//^ ) <l<il£]l Jg.^-VI *Jj^ 

(^jia^l (jja ^^ (latent heat of sublimation AH^) Ai»li2l SJj:kj 
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iialill jLg^VI ojj^ aJlJi ^ jLuj (latent heat of deposition) t-u- jjli 

<1UJI (jjj JjUl dljjijj Ajjjlall jli-all Oljjili L_llj£]l li* ^ .(- A//^ ) 

.(^JjLlx-aJI <lalSJI ojljaJI ^^juaij j) (^J^l Vit i hll jUjiJ 1-iir . ^ oLL*^ Sjl^pJI 

37 °C SJjaJl AajJ ^ 9.1>1\ >jj 7,4 JUaII 

pLall ^)ijJ ojl^)^ (JLaxJjoil ^_^J)i^ jj-ajJaJJ . (jiiil^jlaj AJLji-a]l oAA (J^ (j^-^ I (J^l 

aJ, lAia^) .2414kJ/kg cSjUij 5.^ ^ ^31 °C ^it 

^LJI jLg sj 'O.j .(38 °C j 36 °C oii J^"^' 

7/, = 2414 if^^] = 577^ 
^ g 14.184 J/ g 

jUJI JL«iu:lj 37 °C:^ sJj=JI '((jyiJl ^) 100 °C:^ 

:(11.4 (JiJllI) ^^"^1 JiaVI 

Ai7 = A^i + Ai^j + Ai^j 

37 °C (>i ojl (jj^' CS^J^' l5 J LSjia^l jjij jA A//j jj liliri. 

aOO°CAit^Ull t^Jj^l^i^l jk; ja A/Z^j '100°C ^ 

. 37 °C ^ 100 °C (> ^LJI t^J j^l ^ ii^l jki jA AH3 J 
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J YlmolY leal ,cal 



A^/,=C„(r2-7:)= 75.4 — - — — - (10(JC-3TC) = 63.1- 

' I mol-°cXl8gX4.184jj 5 

-.5.^ sU«- 100 °C ^ >ii ij j^j 



AH Jjc jUj 

37 °C "^IjL^I 37 °C 

. ! I . 

T . I 

A//^ jicjU^ cr-^l Jial jL-i- :11.4 Jl^l 

>^,^lj5il jl-- .37°C lib 



AH, =12257- II =539— 
4.184J 2 



.1.4 Jj.l?JI oUaa-o S.LJI jLkj ojlja. A^jJ t_iLuiaJ 4-<ij!>Ul llul^^l j 

Ij^jill (_5 jl jaJl ij j^-^ n\ \ ^yij jjSj 4 37 °C jLi-J JJJJJ 



.37°C fST'C 
( ~ 

< 100° c 

f ^ (33.46 + 0.688xl0"¥ +0.7604x10"^ 7 ' -3.593xlO"'r ^)dT 



AH,= { C„(r)dT = { (a+bT +cT^+dT')dT 

^ JlOO°C P JlOO°C 

10"' -3.59 

mol 

2140^fii^^Yj^l = -28.4^ 
mol ^18 g J^4.184 J ) g 

AH=AH, + AH, + AH,=63.l— + 539—- 28.4— = 574— 
g g g g 

jLoi-a (JLa«jjajlj J 4 37 °C -ijc ?.Li]l J-' Alal^l ojl_)^l (_^jLuij aJc *Lijj 

.(577cal/g ) jVl Aii^Li j> ^ j 4 574cal/g 4^1 jial 
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^>i) Jjfrlia 5.5.4 

^jIlsUiJ Jill qA jaJI cCjUkj/i j>i ki^ucSi 4j3\laJl ^Ij^l J JjlU^I 

j" ■■<"« 4<jiliaJl Jj3U-a]l (jia. La! .AjjIjiVI CjLj^^S-all (JLlLal^V Jaiuull 

dlLj jS^I (jjj sAl^ iajljj (jj^ J (JjlLa-all ^ ojjLaJLaJI (JlllllJaJI (jjj iajl j^l 

(_^) (^JJJ Lo I^Aj tojlc 4iLLll jJjaJ j1 (j^L^alal J tJjlU ei* j jJaxII 

(jJa-aa. Al.laJ .Ijc Sjl^)^ (JSjui ^^^C AjUa ijlj-all (Jjfui j_jJc. gjjall j'l^ «i ^ 

(^jljaJI (jjfia^l ^ l^L (heat of solution AH^^i) JbLaJVI SJja '-^J'^j 

Jia^ jl^ ^ ^J^) cT^^^^-j^ (>» J Jj^ »JJJ:>*^ 

(j-a AH S-lJ^ ''j^^ t , n,'l<^ll jljlLa ^Jj-^aJ LaJljc j . T Alijlj ojl^)^ ^-^■J-^ (JjIjJ 1 ^ n .S « 

(heat of mixing) jr>»]) Sjlj^ Jjjj ■i^U^'^ ^ cTia-iVI » jl ^ 

liSlil AjLuI^ (jjljLui L)^^ (^j'w>^^ (_5jhja-all Jjij ' . li i .jjjljLui ^_>« aJIa. ^^^C 

(Peny RH and Green c_±iS ^j-llj Jjla-«ll sJjaJ ^ 4 JjL^ 

D, Perry's Chemical Engineers' Handbook, 6^ ed., 1984.) 

AjjLa ^Ij- 'La.jLkj (^^1 ^»juiaJ) Jib JJLa^) - jl ij .(JiLajVI S jl j^j ^j^l 

Alall 70 JiSi <-iltjJ ijllall JjAui ^ .6.1ia/i 

J .Ljajl ^)i^ (Jl^ ^ y Jj^ (JcliAilj ,4jJaii-La Jj£ljij ^jA^lllj Lllllj^^ j 
Qji Alja 4_aJ jjSj jjl li] . JjS Jill <j-iaikia jj£j (^Lall (J^l CLlX-iaill JJU^j djLlii-all 

(_5 jia-aJI (jAjJaJJ <aUa]l ialiajl 4jjlx^ ^ u .-i 

^ - ■ lillj (_)^jA^aaJI J (_jJcj iAjilall AjjJaJI j AjjJaJl ^Jaill (j^a JJj£ (_^J -iSJ^J^^ 
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(jiiaUaJI Cllljjij (j1 i_yajjij ^Jj2i\ tjjl i n n\\ AjS ^ (JxUtij lil nijU'w nj^)^ Jli. ^ 
^ SjjiLlaV ■Lajh'iflll (j-ajLk^^ (y-*^ (jj^ t"ejq"u.i<ill SJLaJI .^la^ l^jS AjS^pJIj 

^ jjij J. V Ajlc-lajV ejalai/i j^'- ii. .^1 JJJ "ij AjKll <5Lkll jjiju V l^j 

: 17-3.4j 10-3.4 JjxJt oL-Lj .<i»llJlj iL£ j^JI jiiaUall 

Xm,^, -X"^.^. +Ee +EW„„^ow =0 (1-6.4) 
Xm,^, -Z'".^. +Ze +Z^no„flow =0 (2-6.4) 

.3.4 ^ialall eUaa-o (Jjl^yilall cjjjUu 
(_5 jia-all ^yijj '(2~5.4 ^Ijls-all) AH c5j'^P-ii (_5 jii-all ^yij lS^*-a ' "JJ*"' 

: 2-6.4j 1-6.4 (j^^^l Jji^ '(8-5.4 aJjUJI) AH 
-AH+XQ+Z^no„flow=0 (3-6.4) 

-AH+e+W„„„„„^=0 (4-6.4) 

1-6.4 jiiljU-all 1^ oJja._^l Ajkill jj^l (_5jla-a]| ^ jjc ^^it'i.iiI 1 iW-^j 

.(Ji..iJl J ^jaJl jLiJ (>ja (jjj (jjjsll Jl flT'iiiL liSli j 2-6.4 j 

i^i\*J^ i^^tJj^ jiJ*J LjJL»«iuil i^JuUj (^^S i^Jj^ <^ljJ«J (_iLua ^ 

.4-6.4 J 3-6.4 ^1 ^Ua!l JaliaJI 

O-iliJI f USi S J jaJI g^liui 8.4 Jli»31 

jl J stall jUjj ^» liiin JJ2jll jj! j t 20° C <:?-J.ill .ijc- l-aLoJ l-iUJI flj^l ;>i 

• 37°C (^jL^ J 
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(D 

(5) 6L/min 20° C U,U 

(^vi gj^i i> el-' y (5) 

.37° C ^ jUkJU^^IjA 
6L/min J-i«A; 




SJjsi- Sjl .(jalAill flu! slj^l AiSJuj <— uJajP :12.4 (Jiiiil 

• 1 

(jjiijjll g-uull "UUaJ jLaJ 4-0 _jJalaJl ^J-i^ (jii^nll jl-J-^ ^Aaj iJala^^l ^i_J^ 

3 jLiill c20°Ca^j^ Ji.lJI ^Uil 1 jLiill ci-! .(12.4 J^l) 

JaijJaj ejl^ja. ^-a^J^i Aic. pLall (j/o ^jS-" J^iS ^>jSI (J-*^ L5^') ^.''"■"^^ Ji^3^' *ljA 
(Ja.^ c^iil (^Vl gjmlll (j^a ja-iLJl ^Lall 2 jlull •37°C <^^J.^ ( " 

.2lo J\ 

JJ^ .2 

.0 jSluLall aJLsJI (J-aaJ SjjjJjlJI • 
. (ja Jlo JJC. (JxC .la. jj V • 

I^J^ liA .stall jLkj (.jLic. j J ja. jj jl*ll (iSjLui si j^l liSLiJ • 

.JaijJall till jjijj JptjJ V l5 J CS J*'** 

.jjljjLjiLo JJSjllj (JJ^J^I t«.Lall r ^ ■ .' '«■! J^JI ^Jj^ (JS.^ V^is" • 
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.28.84g/molc5jL^ j«Jl csAij^' OjJi • 
.0.0012g/cm^ cSjLai *1 j^l • 

(jjll lil .AlaJl 6.7 c^jL^ 37°C.ljc ^« hn J S.LJI jUJ aJjJI Ajjiajll • 

.Istlji^ jjSj Lajja. l_iLaJI f.\ j^t t> Ig t> IjJjSj 0.041g 

. °C, cal, g, min, mol :CiljLa. jll • 

: 6L/min J^JI 

rf,, = Vp = r6 J^Yo.0012^Y'««5^^1 = 7.2^ 
V min cm IL J min 

< 1 .3 

^ ^ dm''' 
y m, -y m. = 

i j ' dt 

dE7' 



3JjUi-aJl Jljii.1 (j^ I ■•'< 'j liAj ijjajlo jjc. V J 44jSjaJI j <Lol£3t 

t.\ j^l iliV J a1£ _^ CLiVjIj" Lij£<u ijclij ^».:c. (_jJI I jlij J • 

"l.air ~ '^3,m ~ ^ 
^2,H,O-"^3,H.O=0 

:^^\ t3aj jlilaJl >.j slj^ ^jJI tjajall t-Loiaj • 
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L Y0.012gY lOOOcm- 

D.U 



Vp y minA cm^ A L J „^^mol 

"l air = "3 air = ^ = 0-25 

' ^ 28.84^ 
mol 

^Ull 0.041g J-^ 37°C^ jU^. ^1 J Ijki. 

^jaJl jLij f.LA\ aJjS ^jaju J^iji-a i-jLoia. I •■ '< "J ii^UJl «.l j^l (j-o 1.0^ lKI 

:Luil_ui| aJj^I (jijj (J^a-o ^jjlnT'lnin 

rf,, „ „ = r 0.04lSi!£Y 7.2SS£1 = 0.295 
' ' 1^ gair jv roin y roiii 

LjLa. el j& ;»-bla el j& 

20° C ^Ijl^l 37° C 

' Jiul Jial jLu^ :13.4 JS^I 

' , lUU el jA 

gyo^ frlj^l tjji^ Uj^' L?Jj=^' 



J/ — ' 



37°C ^ j^i^ (^) .37°C 20°C o- cJUJl (I) 

jaJl (_5jia-all jjij ijliui (^jLoiJ .(13.4 J^^ill) 

AH = AH„^ + A^vap 
J . AH„^ = 494 J/mol 6.4 o- >ii 

Aff_ Aff_ =fo.25^Y494^1 = 124J- 

1^ min mol ^1 min 

AHy^p,^^i4iU <Loll31 s jl jaJlj .7.4 (Jlal' 37°C ^ frLall jijJ t.uA 

.577cal/g c5jLaG 37°C ^ 
0.295^T577^i^Y^l = 712-J 



min jl^ g cal J min 

. .,'\ \ 2 <1 1 ^ ^,\UTi a SI UH ^.iaJil Ajjli^l Ajjlsi-aJI (JLajtLuil 1 ' ' • 
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<^j±A\ .4 

^Luia c5jLujj . 836 J/min (j^l t.ln\ o Jj=^\ lSj^ ■'■Jy=-^^ (^) 

jauj 0 J jaJI ^Uxia j'^J • 124 j/min o J jaJI 

Alxil jaj cSjLuiJ ©LaJl (jt ^»^UJI SjjaJI ^LljJa j! ia^V . 712 j/mill stall 

.(Guyton and Hall, 2000) ajjj^I ^ lJ^ 

'288kcal/day J 200 cal/min Lyjii ts^l^:! 836 J/min 

Ji*-a (j^ 4iaJl ^ 18~16 L^AJj aj jniinl l ^ajSlI JLa-a (>oj-ij ^ eiAj 



30°C c> Jj^U ^^1 10.0 L/min AiaJdl SjjaJl .^Jjlja. 

XaC. Ja!li^ t "<u^J . 14.4 1^ jJXo jA La (jS j JLaxjjjLj 37°C <^J=>. 

'1.0 cal/ (g • °C) cs jLou J ajjIj j.Jl ^jj J (>=jjal • 0.50 kW jJii-JI 
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10.0L/min,30°C 




:14.4 

.(sjalobill AilaJI JjT ui') 



. 37 °C ^ 30 °C a- a- lO.OL/min A^ail ^S^\ J-^ (^) 

^jijj ^Unill (Ji.Jj .^^1 AjSJu jl^ 14.4 (J^AiJl :Jakk^l (i-j) 

s jl Jxc i-jLi^j .lO.OL/min 
.(37 °C c^jLui 2 jLii .l^jll ^ sj^l Vj^ u] c?') ^J^l 

.iijlj p SiljS • 
.3ia^ 4jSjaJl J Aiallll jijaliaJl Cjl^yij • 
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.(Ji.J jLij ajj^ '^J^ ■ • 

. °C, cal, g, min riiil^jll • 
J:aui JLaaloil lij^ ' l.Og/mL t^jl-u ^^1 Ailj£ j1 o-=ljjal Ij^ :(_>iiljaiVl (iIj) 
qAjA J j . r- i ' . U 1 jUJl ^jJI i> lO.OL/min J^JI (3ai 

.lO.Okg/min t/J^! 

> jl I .3 

. V- • dm'"' 
y m.-y m , = 

+ 4,, + - + 4,.- + 4) + Ze + Z^nfiow = ^ 

mj=m2=10.oi 
min 

lAJaaiU) SjiLaiJI aJUJI AiLUI Ajjl j^i aJjL)«-o LiA J-aaioU tAia^ Aj£jaJl j 

AiLkJl ^yij j! VI 4Aj£jaJI AiUall (jW^ ^J^'j J^-^l C?J^ ■ ^ 

J '^1 V J .((jUjLuiLo J (J^^l ^^.ia-ii jV (_5jLuLl AjS^pJI 

:^ jaJlj (^jLii cHs^ ^ ^^ * 
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m,H,=m,C^{T,-T^,) 

LjLj^ A^j- (0.5kW = 500J/s) 6^^' (>*J1 <^ Oj • 
10.0^ 1.0-^ 1000-^ (30°C-37°C) 



g-°Cj^ kg 
+2+500 



jr 0.239cal Y 60s^^Q 



2=62800— 
min 

4ja_mll .4 

30 °C (> (> lO.OL/min Aja^iU ^Lijliiall ^1 <J^\ sJjaJl jaJl (!) 

. 63kcal/min isj^ 37 °C 

.gjUll jaJI ^ (JsHuLa (JJS^ ^'wJ?"] ' . ■^^t t>*J 
.La^jK j! ji ejlj^ J j_gJc tlijji^l AjLlalii LllV^l*-* (jlsjLuJI (jVHall (JaL^j 

A^jjaJI A^jIklJI AlLkll j^Ua^l AijlUJ <!Jf^il (jx 4j^U. A^U. 
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(5-6.4) 

+H,)-'Z(E,. +E,. +H.)+Q +W^^,^=E;^:, -EZ 

i j 

T.H,-^H.=AH=0 (6-6.4) 
AH,=mf^(r,-T^,) (7-6.4) 

: <ij^t (_K>a^ La .La Ajjta. s J ja. T^^j tj! 

m,=mf^(r,-T^^,) (8-6.4) 
m,={m, + m,)C^(r, -T^^, ) (9 - 6.4) 

^yijll jjll ' j/'j'—V' j/-''<" ^1 liSIj (^jLii 2La 4Jj111 AjjI j=J1 

jl jrJI ;_g j-l'. ni l 

AH =AH,+AH2-AHj=0 (10-6.4) 
m{r^+mjT2=im^ + m2)T^ (11-6.4) 
^^^ m.r, + m,r, ^^2-6.4) 

Ka^ale^ (jnl'i'sll Sjlj^ (j^ Liiai. IjjSjJ (jl L jt'i i n n jjaJ 

.12-6.4 J 11-6.4 (jjUl^LiJl ^ AilkJI ojljiJI cjUjj JLa«la,l > j-^j .U^iiliS ^ hJun^ 

(25°C) AijiJl Sjja. A^jJ .lie sLa j>a lOOg ^J^J lUIj iJllaJl JjJjoi 
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©LaJI (jA llOgA^Ull aJjS jjSj .^Ijl ( 4 °C ) -Ij-^ ©La ^j^ lOg ^ 

Lj^Uit (^t_yt Cjt J— jilUI (lit j d jILaII ^Jal^i 7.4 

IIa J I .n'.Jj 'ojJjS <jSj=JI J <lal£]l (jjjaUall Cjljjij (>=«^ cj^ 

Jaa. ejLall jl ^lijjl dll jJJtJ jjSj j) ^Ir. A£.jxji Cll j ojLall jjSj !i\la 

:U;,nM ajKJI aiUall iili^l ^UjUlJ (17-3.4) S!jf=Jlj (10-3.4) 

(1-7.4) 

(2-7.4) 

Xm,.(4, +4,,- +4,, +//,)+!2 +W^„o„flow =0 

'■ J 

■di 

E.^gh (3-7.4) 
4=|v^ (4-7.4) 

j\ i'f-t\\ j\ CjI jjij t ^ 111 111 (_5 jii-all till JJXJ (Jjk^aaJ V Lall^ j 

: 2-7. 4 J 1-7.4 (jlj]jlLil-a]l Jjlij tAjjU-ajS CLiltlij J. V J tA-a jlalall JJC. Jjiall 

Xm,(4, +4,)-X'^,(4,; +4,;) + Ze+EM^no„flow =0 (5-7.4) 
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Xm,(4, +E^,)-^m.{E,. +E,.)+Q =0 (6-7.4) 

Jj' ^.^C LiA (jlajjii .2~7.4 J 1~7.4 ^jJjljlx-all ^jjluVI jJoljU-all ^IjaJLail (j^-oJ 

(7-7.4) 

! Pi J Pj 

(8-7.4) 

' Pi J Pj 

AjJU jj^I iauji 10.4 Jli»JI 

jj] ^ ClV^iljill i_jic J ^3aJJ]| Aaj^ Jl^\ (_5 jLa^ ^ J J (_jic. ^^gjjj jjl 4jjLo JJ4^I 
(^ill j^l 4jjLJI ?.U^Vt (^i^i (J J* ^^Uaa^l o^A (_illla .la.! jjc. .^Uj^l 

JJC «.Lall (JSJJ liU 'UjjSj Om/s iJj^ A^jjji j'-'i-i-'-'j ejJjS *Ji^ (.5^ r5 ^tl 

UjJ JJ tji^oJ ^1 AiUall jl^ jA LaS t 9 m jIjoU J li jl^ J t 2.8 m^/s J!ix^ ^Jaa-all 
yuiifl (jjS <C.UjjI jI (JjLoiI] 4j3 jsLiJI Ail m nil 1 j] j^ll 11 J«iT-uiij) ^Ijjiaj 

:>jjj.« jtiij .^Lj^Uj^l Sj^l J AcliluiVI (> 190 kW iji V i<JU]l ^.i* ^ 
j5 i^ill ^^^JicVl J AiUJl ^1 2ukili aiLUI <^ 2 

.IjJjJ jLAjui V ejLiJuiVl t> AjtjJaJj IjL jSa ?4jjL4jj^t 5iaa^l sIa J jA La 
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.Alall ^^ 100 I^J-^ ij-i ^-laa-all 



4^ 




jj^ AiUa ALa^a 



j^^xa-a. L&«-»J 1.0 m/s AcjiiiJ AlUall 4iaa^ A-a jJila S-Lall Ji-Al iJaJl 

«i 15.4 (JSjill (jJJJj .SjJaall (J^^ A-ajJalall ijja ^ja-ij . 2.8 m^/s (^jLuiJ 

.SJaa-all J ^1 AiLjaj if-Lail Aj£jaJI j <l<il£ll jijaliall Cll^yijj Ljjlij UaJ jJ 

:^ jLii Ji.:ill ^ <Jjill ^3aJJ J!ia^ 



m, = 2.: 



^flOO^Tfl^ 
5 V m j cm 



1kg 
1000s 



2800 



kg 



:J\ 5-1 A AijU-JI 'AJLuJI <^ J] cA^\ JiaVl ;Ujj 

+4,l)-'^2(4,2 +4,2) + Z^nonflow = 0 

lAialUl Aj11£1I ^yijll (^jL-yj 

^^,1 - ^P,2 = ^(^ - K) = f 9.81^\9.0m - 0) = 88.3^ 
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Wnonflow = - ^1 ((Ep^i - ) + (Ek,i - E ^2 )) 

= - 2800 ^ 88.3 — +0.5 — = -248 kW 



:Uj j2 (j^ (> 190 kW 

, = l^(10O) = 76% 
248 kW 

Xoiu AiUall OLka-o t <,.^n i^jjlioHj <ji JJC. .iip-JI ^ !-iir all Aaliall jl.^ LS^^j 

Ijl^ ^ 1^1 j| c Jal J j^^J-aJ j3 J t_5j^^l -^»ll J^xixloiJ ^1 lilij J t jl:i-JI "ULL 

• J^-^ tJ^j '^^^ J * (j:?^-^ Li}^ AaUall I JJJ^ 

tljj^l jj-a 190 kWj^ W-il J '^J^l ls a 1-1'. all .1 jjj^xi jl ^ 4j^!:^I 
^j^l Sjfill jLoj ^1 ■aJu.'SW AaUJI jja aSUJI JUj .<^liJI 248 kW -11 

. AjjLo j^)^£JI Aaliall <">1 ,v -1a» ^ ^ 3_uUjJI 

(Bernoulli) <jJ 2JjUo4j 4-7.4 AsLkll JilLaJl 'ilAx^ ajL^UjII 2»u^1I jjliil 
(jaijj 4-0 i-i-a jl Ja*i^ (^1 J 4(b9-l 1.6 aJjIxJI) 6 J. ^^11 o.2jl jll jJI 

:iill£i^l » -' J (■^ ■ '— " jl jj^ " iJxC.) (_33iL<i JJC. (J-aC. (Jj-aa_jj (JjLui 

(9-7.4) 

'^(4„-4,;) + '^(4„-4„) + '^p-^ +ZW^shaft-Z/=0 
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1-1 A aJjUJIj aJjUJI oiA 1 iv^j .lill^VI Alalia ^/ u! "-^ 

(jjaaiyi jjj La JjJ=>^W VI ^ V 1^1 t^lli t_aL-iaJ .JaUuJaiiU (Jjli JJC. JjLoi 

^ iklj V (J jjjJ aJjU-o jl (jii. ^ J .Ai^llAlJ jjLla LoJ J I^jS (jjjsK'u Luj] sjl jaJlj 

V -i jSlu^l <^ jiii<Jl ^AiUJI JiUaJl aIAju. (jU ajsUJI jl^l 

SjljaJl jjjj |fcXa2>. ^Uj c(7-7.4 AJ^U-all) AiLkll ^ '^ljJ*J Jj-aaj 

AjSjjl£jJl jijaUall ^^ Jj jJa. AiUall JiUajl 4JjLj«-<i J<Mr'iiil 

AaUall 1^ CjljJaJ AxJ (jjSj Lajj^ 4jtjj_^l aJjUi^ (Jat'imiIj 44-o_jIaiall Ajjl^)aJlj 

ijljjll jxi^ aSUJI A^U. A^ iClj^iLlUiJl .AjkU 2L4jJil«ll AiUa ^ Ji\ 

J .(Jcliiill 6jlj=>-J C-L^lclilall J CjUl^^UJI AjjIiLVIj AjjI^VI AiLLlI cs^^ cly^ tij^' 

dlljjVt UjiaJJ .l^Ljri. jjjijia (jialij ijcliill ejlj^ aji n ^La^j 

iAjJcliU) k^j^lA ^ <^Jj^l ^y«J tjLui^ ^^alall \iX ^ '^.Isia 

.^jKII ^Uall j^UaJI ^jUua ^ dij ^ JLmIuiI 

jfrliiil S jl 1.8.4 

^ jA 4 AH^ JcUjU J jaJI jfia^l J ^(heat of reaction) JeliUI S J 

jjiulj iai-Liaj ojl^>^ ^-^■J'^ (Jclijll l^jS (Jj-^aaj AJiluia ojjjAui J (_Jjl^)aJI (_5 jia^l 
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'(standard heat of reaction) AH° JeliUI iJjA.j .sjj^I 

(Jcliall sjl A//^ Jcliiill sjlj^ <.P=«^ J -'-^^ 1 atm J 25°CLaA ^gyy (jii»^_>« 

p r 

P J J^AiJ -CH^ C?Jj=^' (^jla^l jA H J '(A^^jkiJI 

(j^Lii! jjll 4_^jljaJI dlljjilo (^Jx^ CjV^l*-<JI J 1-8.4 ^IjlstJI 

lilij (j-a jjSI Cj^iclilall Jajl jj jjoiil aILL (endothcrmic) Sjt jaJJ SjjjalJI 
jjaJu i(exothermic) SJjaJi jJiUi) Jcliall «.Lu!j .^Ijjll iajl jj j'jSj s jjaJLJl 

.A-oja]l 3j]Lu Jdidll ijj^ ojl jjjjUll (Jclilll j t<aUa J jj sjl jail ajjiUll 

.<-ojall jji (Jdiall ojl (jj^J '^'-i^ ejl jaJl j^LoJI Jclijll i^li^'inn 4(_5 <l^Lj 
.A-ojla-o ^1 jjll J LlL^lcliiLall jt jJal jjjSj 4^ i^JjLa-all (Jclioll sjlj^ (_lLui^ LiS^J 
j jl jial) (JcUjII jJij) . C — J s JjIjIJ j ' g — j J ' * — J (_lL<all j 4 / — j JjLal] j^jlu: j 

aA(/)+&B(/)^/7P(/) + ^Q(/) (2-8.4) 
JcUj (J^a .(JcUjII Jllol ^ a,b,p,qj Qj Pj 4(>5lc.lila B j A (jj (Iija. 
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i^^VlS 2-8.4 a J j^' JtlilW J^LJ' jj^' 

AH^(l) = ^(HpH^,)-^(n^H^) = pHp+qHQ-aHj,-bH^ (3-8.4) 



Aiijiajj .ajc-liiill (JIa (^Jc. Li^^xjiLi AH ^(l) J:^\ A (>i J><JI Jc-lsu Sjlj^ ijjlJlj 

.^Lj jl (JcliiLo (J_ja11 (Jcliij ojl^)^ < _ ll 1 11^ 4^Uj1^ 

-8.4 Ai.^lji-aJl ^^ .^1 jjll J Clj^iUlliLLall (JjSj aJU. JcUall SjljaJ XjoM iajsuj 

flA(/)+&B(/)^pP(/)+^Q(g) (4-8.4) 
.jjjjjLoi. jjc 2-8.4 J 4-8.4 jiiljUJI i^J j^l ^siia^l I jjiu jl^ 

csjUij . A//^(/) ^ 2-8.4 4^ j3l JtUill sjj^ .JtUUI sjj^ Jcliill 

Jtliill Jcl£ sj 

4aA(/) + 4^B(/)^4/7P(/) + 4gQ(/) (5-8.4) 
(jV jT'ini« jjc liAj .4AH^(l)i^\ ^2-8.4 .ij jll JcUill Jll»1 a*jJ 

(^jii .j^L^V .1.1c AjjLut-all Jclillll Sjlj^ ci^l^ Jj-^ (^-^J Jj'>""'""^l t>o 

SJjA i-jLua (^jLoj t jljj^Vij (Ittj^l *Jj^ j^^' (Hess) CiJ^ JLmIuiLj 

^_)jiA j^jjli -lSJ^^' CLL^Ldiiill <jjlj:iJl Cjljj'i'. ;_5^>faJI t_±£jjll (_5 jLuu Jtliiill 

<jlc,li[i31 ^Jaill 2.8.4 ^iaiall -L^^ C^j'j^' ^j'^ -^^ CSJ^^ ''^W^ LjLuia. (_^jj^>jJall 

JJC. ejlj^ ^J-^ <jlcliij Laiaj 3.8.4 ^iaLall gJlaJj t jJJjLu«-4 iaijJaj ejlj^ ^J-^ 
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jljl^Vlj ^Jjiii) SJja. 2.8.4 



(jl 6jl^)a. jl (jjj£j3l Sjl^)^ (JLaxjjaiU AjjLa-all (Jclijll sjl^)^ (j^-oJ 

Jij Li L_i£^ (standard heat of formation AH° ) AjjU^I c^jSj1\ 'oJja. 

JaijJa J ejl^ja. A^jJ .lie i—lS^j-all jj^ A^lj (J_J^ UiJ^ cjj^^*^' (j^j'^)^^ t_g j'l't nil 

ajIjS jja. .Jjxll AH° >^U*JI t> (sjU^ 1 atm j 25°C) oy*^ >» 

.(N (> Njc^') ^irji^il Ajlt La] Uaj j^U*Jl 4t_i£__>J jJj^ Jc-lij 

C(s)j NjCg) J 02(g) 4^ Sij^^JI ^LLaj£]| cj!)l£;liLi31 <*jL3J1 Ajj.^wll cjU^l 

.) ^ Lfc jjc. J ji^LisJI sj^J 4jjLui-<JI o^ijSill S jl ja. jLu5j . H2(g) J 

C(s) + 2H2(g) + |o2(g) + N2(g)^CO(NH2)2(s) (6-8.4) 

(jJJ (jjsJI 4jjLui-all jJjSjll ejj^ c^jU^ '1-8.4 Ai^iU-all AjtiLall Ailjiall J ny'\i>L 

.Iji.^ t^jLui jx^U*JI ^jLuiJI jjj^l » Jja. (j^ jjt .(C,H2,02,N2)t^j^^il»13 
jAj '7.2; 'OJj^l JtUH (>j 'CO(NH2)2-! AH} j 

J .sj i J'^Uill ojfi '^JLu' ^ uj^ v^j .-SSSkJ/molc^jl-y 
Jli<J (jjSj (j! o^j^ (li ^j^^' L>° -^Ij Jj^ uj^ (jiiLui! (_ijpLa (Jcliiill 

A// ; = ^ (a^ ah; ,^ ) - X (^r^f J (7 - 8.4) 

P r 

.^U J Jclila 



363 



:4jjJal JiaVI (Jc^Uill AjjLst-a jSjj 



flA(/)+&B(/)^/7P(/)+^Q(/) (8-8.4) 
.(Jcliall Jlia! a,b,p,q J to^^' LaA Q J P J cj^^k^lilJI L^a B j A jj ciu^ 

p I- 

= pm;^ +^ah; Q -aA^; ^ -&ah; , (9-8.4) 

Felder RM and ) ajjUaj^I Ajjo^II <-i£. cAAjA\ jii^ ^jLuiJI jjj^l 
Rousseau RW, Elementary Principles of Chemical Processes, 2000; Perry 
.(RH and Green D, Perry's Chemical Engineers' Handbook, 6^ ed., 1984. 



i-uS jjII JfrUj 11.4 

6 CO,(g) + 6 H,0(/) ^ C,R,,0,(s) + 6 0,(g) 

ah; = Y, (ct, a//;,^ ) - X (o, ah; ) 

p r 

= 1^/,C6H,206 +^^/,02 ~^Hf.co, -^H°f,n,o 

.Vl\'\^ A\ (ji>lia.5U (jJjSill Cjljja. ^ 8.^ J 7.^ jUaiJI J 4.4 Jj.l?JI c^i^! 

ah; = if- 1274—1 + 6(0) - e{- 394—1 - 6f- 286—1 = 28 10— 
V mol J \ mol J V rnol J mol 
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.i^J*^\ tjU^Jjil cpUa.! JjjSj sJja :4.4 JjJaJI 



(kJ/mol) A//°. 


-394 


C02(^)UJ^J^I 


-286 




-1274 


C6Hi206(^) Jj^jliil 


0 





jjij ^ys. (standard heat of combustion AH° ) <ijl?u>l\ (jl jja.Vt « Jj^ oj 

jj<a (J£ jjj^ 1 n"n-> jjJauaiSVLj ojLa jj<a (J_^ l3^J^W UJ^^^' i^J^^ 

(j^a jj4 .(e^lx- 1 atm J 25°C ) OJi*^ iaijJaj S J ja. ia. jJ lie ^1 jillj Cj^ilclilsll 

'C02(g)t5^j Jj^ u^j^> u' til » J aJjV^I 

c^jj^l JSj .N2(^)c^j Jj^ u-jjiiil J^j 'H20(/) J>ij a?^jj^l JSj 

(jljia^VI gjljjj 02(g)— i ^jjLuiJI Jja.j .(jljia.VI sJjaJ Ifr! Cj;aLj 

J>^<^jU5 S02(g) J N2(g)j H20(/)j C02(g)c^>Vl 
C3Hio02N4(5) + y02(g)^8C02(g) + 5H20(/) + 2N2(g) (10-8.4) 

(_^jtjaJI ijj^^l ijii (Jjall ^jjLui-all jljia-VI ejj^ jL"iJ '1-8.4 4j.ilji-4ll AAijia ^LjjLj 

.1 jq.r^ jLujj (jj^jjlill j^j cJjLuJI s. Loll J (jjjj^l ^Jill's! (_5jlj ^j^:J*-*^l cj'jj^*^' 
'9-2; ^\ ^ ^ 'jlJi-VI J^liil p o-j '^Ij C3H10O2N4 J^al A^;j 
i^U jljia^VI JcliS jjlj 4^Li. AH° j! ijikij .-4247kJ/mol(^jLii 
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ah; =X(cT.AH;,)-^(a^AH;^) (ll-8.4) 

iJjjaaJl diljlj^ (jA (JcUjII ojIj=»- L-iLii^ (jc. i. li* j . Clj^ilclalal] lillj (jx 

Lide DR, Ci?C ) ajjLi^I a^^I ^ oukjJI t> ajjLjx^I jI ji^VI 
Handbook of chemistry and Physics, 2002; Felder RM and Rousseau RW, 
Elementary Principles of Chemical Processes,2000; Perry RH and Green D, 
Perry's Chemical Engineers' Handbook, 6* ed., 1984; Doran PM, 
.{Bioprocess Engineering Principles, 1995. 

LjjA (^ j i iijUtt jlua 12.4 

(_5 jjaJI (_Jj£jjll CjIjLuui djjiaj .iSj f.lij Clllij] ^_jA <jiL<iS/l (j^iaLa^VI :4jLuL4 

^^jxaVl (jIa-aaJI (JjjaJ jj^'ij .AjjxaS/l j_>^La^Vl '(J^ 1_>^J 'O^"^ -^J^ U^^V 

c/^jj-^' jjj^ JaUll (^ijjyLi (glycine) ts^l (serine) lHj^" 

^Jl C3H7O3N uJjjjJl cX>=4; .(serene hydroxymethyl-transferase) JAj- 
tiaj CH2O C2H5O2N u^-ak 

C3H703N(c) ^ C2H502N(c) + CH20(g) 

li^ AjjUa-aJl (Jcliiill Sjlj^ 1 Jill'. I .(Jcliall liA ^Jji^^' Aijj-<alU jjinjUilj (jJJJjJI ^JJJ 

. jia-all Jc-lidll 

ah; = X(ct.ah;.)-E(^p^:,.) 
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(|j#»J sySjjfl Jja>»JI JljiaSU 5jjU-i1I OlJjaJI :5.4 JjJaJI 



AH^'CkJ/mol) 




-1448 


CjH^OjNCc) oiji-JI 


-973 


CjHsOjNCc) 


-571 


CH,0(g) ^U:!JL.JJ2 



:4jjLut<Jl Jc-lioJl Sjlj^ 45.4 JjAaJI SLka-all j>jSll JLaalaiUj 

Aff;=-1448J^-f-973J^l-f-57lJ^l = 96J^ 
mol V riiol ) V niol y mol 

LoU (Jcliall jjSj j«i Ijloja j^jJi I jiij J .96 kJ/mol AjjUaJI JcUjII S J ja. jLii 

(adenosine triphosphate ATP) oijy^\ i^li" js ^^jJ^ Jjj^ s J 3^LJ1 
AiLL J (adenosine diphosphate ADP) oijy^^ ^r?^ 

■ .(3.8.4^1 

A:^jJ Aic (Jcliiill (jj^j ijclioll (Jli.li! ^ jjjlLaJ ej2 jfLo dL^Lc-lilall jjjSj La.ljc.j 

e Jja. (_sia«J '^jW^I Jc-'j^l Jj-a^J '(e-ilc- 1 atm j 25° C ) (jJJjLis«-a 

ah^=ah;=^ah; (12-8.4) 

(ja.^ di^:^ djli 4-4 jialo ^4^-5 '^jW*-*^' (Jtliall Sjl ja. AH° j tS (J'liail 

: AH^ Jeliill S J ja. Jjx- jjlj tl^ >. j l^j 
AH =AH° =^AH° (13-8.4) 
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4^jHi-> J jjjSlI 1 81^" J .(8.3 jnUifiW jlijl) ^ilcUill A^jJilall CjUk jJl J t>iLia.Vl 

2L,jIiiJ 13-8.4j 12-8.4 jlnljU^I ciu^j ^ .L^ A//,, j A//,. _! 

tlia jl) (Jjb^aaj Cj^ilclii i^C C^]'^ (_jic La^aj.n.TJ (jS-oJ <jl Vj Jc'lij J' 

jjnijlr. ^^j UK (jjjiJI CjV ^ 10 Jjj^wJ ^ jiijij 12.4 JlixJI 

:(> A//^ JcUllI s J t-ix^ . 1 atm j 25°C ^ -^.^"^ jjSj 

AH, =^AH: = 'A^i 96^1 = 960 kJ (14-8.4) 
|aj ' \-l\ [ mo\) 

.3.8.4 2^aLJI ^_j;Jaj.« 

^U-ail jjfr iJ jjlaJI ^ JfrUjil SjIjA lJj^ 3.8.4 

(Jj '(1 atm J 25°C ^ ^-jjjiill s.ilc ^jj^l ClIcUjII J.r^Vi V 

iLj-aCj .(jLouVI ojlja. A^jj) MJ^W ji 37°CoJjaJI A^J.i .lit 4^ cUia^S 

25° C .Ijc (_^jljaJI (^jpa^l Ji«J t?^ (jl Jia-Vlj UJj^l ^1 J <Jj'-^ CSi^ 

e jl ja. 4^ lie s jjj^" AH, Jelij]! s J c-iL^ J^l (> clil . 1 atm J 

jjjJjLla-a JJC. JaiuJaj 

(Jill dll^yijJl ^_j.aa-o j'-^i 4-ajh'l<il jl^yaJI )_g ji't nit JJ«J jjl J^jj 

AH=J^AH, (15-8.4) 

jl I II nil i] ojlr-i (JS (jj^ (jl ' . .(_jjJal jjsVI jLji-all ^ ojlaiJI jiSj jA (jl > ' n*> 
La -JJ^' J sjljaJI <=>.j.i J\ K; , ^ Ijlij J tAjjUx..! t-ijjia .lit ^ijIj-ojS !lclij 

dlljjij (jj^ i^JLa. jA ^^jl^jaJI (_5_pa-a]| (jl ^\ .AjjlxajS (jjiLi^l e.ic. 

.AliLtLo ^^^iaiiJIj ^^^jJaljSaVl jjJjLuuJI JJC. ^^J^t t^j'j^' (_g j'i't nit 
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! J A 0^ 

J 

Bj A /j. 



K+b B 
T oC 



a A+b B 
T oC 



Ag, (T) 



r oc 



.>p P+? Q 

T oC 



B J A Qj P j'j. 

Bj A (--iSlij Qj P 0^ 



.SjjLijLx jjc. ijj^ ^j-^ Jc-'-iiii (.s^'j^' jL^ :16.4 
:Qj P (j^Ull B J A auk jJl (j^^ JcUlll Sj- 

aA(l)+bB(l)^pF(l) + qQ(l) (16-8.4) 

i \\ , n't (jS-oJ .<JjLu«-o JJC. y La ejl ja. A^jJ .lie Jjb^aaj (JcliiiJl 1^ ^jl ^jVl (jlajpsl 

j> j> J J ^ ^1 jlaVl jL^l ^ JjVl SjJ=Lkil .16.4 J^l 

(_jL^ j£aj i 25°C ^ <>l^l J_jx^ ^ <ijl!i31 i _jkiJlj . 25°C ^^1 T°Ch^ 

jjij > _ ini^jj .T°C 25°C g't I ii'i j! lIiL^ jjlaJl .ijii f^jlljll e_jJaiJI J .5jjLut..all 

AH^(r) = AH^+AH^+AH^ (17-8.4) 
t^ji-. nil jki AiLJI Lh^lxj, <jtiS .2.5.4 ^Jalall 4^ Uli^b 

.AH,(r) c^jj^i 

.(jjJjUa-o JJC. I j1 ejlja. A^jJ Ijc (Ji .-i-tj (Jcliij (J£3 ^jjJaljpsl jLuia «.Lijijj i-;-!^ 
JJC. ;_a jii Jlaijl jA oJllc tAH^ij\ 't5^jVl ojiaiJI jl jaJI ^ jji-all jjij jjlij 

3 atm (j^ ^^^J-a Inir i 'n,\\ JJ«j) <JjLu«-a]| 4"! nfi 4jJajpL<JI ^LojS j jLui-a 



369 



'Jc^l^l Jjs lsj^Vi LsJjaJl isjx^\ ^'^J^j AHjSjLuia. .(latm(_sil 
AH =X("^. jl'Cp,s^)dT] (18-8.4) 



(19-8.4) 



J£l Ajaijiii-> «ilt ejl jaJl (Jill jjij ( jMi->-ij .sjjjJjoJI lAAic (_j^JJJ ojl j^l A:^J.i (_jA T'j J 

(Jlil^yij ^>jil (jS-nJ 4<jjLuixJl sjljaJI jj^ (Jcliall ejlj^ ^J-^ i_a!>lii.l jIjLJ IsiJLij 

4 I II II I'll bull's (_^J .(Jcliall ojl_)^ j'-^l^^ AjjlLa aLi^ jI ojjjS UJ^ u' Ajoij . n'^ all ojl__>aJI 
(jji a Ac (aLLJI 4 1 11^1 1 nil ^ A//3 J A//j Ajoi jiii^ nil ojl jaJI tljl^yij lAjjJaJl 

Aic (Jcliilil J' Lojj^j .AjILlu J^VI J ^ I ' - SA&.Ij jjj^j 1 1 g nl4"l ^)J^I 

ejlj^kj <jjlLo sjIc ejjij-o 4-ui jni^ nil sjljaJI dll^yij jjjSi il^io MJ^W J 37°Ca^J.^I 
1 ij^ (Ajjj^ AjjLlu^ dlLu^l ^j-ajJaJJ ^_^l dL^Lclidll liU^ ^ ■ "j Aj| JJC. .(Jclidll 
Jj:^. j]I (Jtlijll 4JLi. .1; niVi (JcLajll Sjl j:^ JjS Ajjj.^ (j^ Ullc. Ajoj nil ojl jiJI Oljjij 

.(12.4 Jll»ll <!lj>JI ^\ Jill 

(Jj-aaj .liJ^jSj ?ni> .^11 jjC AiilLji-a a3 ^""it nil j 4 i^^-N'lnll Jajir i^ill .lie. (Jtlidll ojl^)^ (jj^ 
1^ -(1 atm ) Aio S-ijall-J J cSjaJI . >ill .iJC AjjJaJl Aja,.ij^| tUlinLLj ^-.htn CLLilcliiill 
.iaijJall (Jjl^yijJ Aji^-iljjsl Cjl jLjui i—ltj^l IIa ! nin V 

(2)LuU^I (»AiA (jjiijj 13.4 Jllalt 

^ ^ {Sj^^\ J) ^'^\ (CgHijOg) jjSjliJI Sjlj^ M-^l 
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C,HjA(*) + 60,(g)^6C02(g) + 6H,0(/) 

•6.4 J J.i=>Jl ^ oJj^jxi Ai-all Cjlj AjjI jaJI AjiaJI jjjS . JxjSj (_jJa. j/ujou 



• O-ijjil tJ^ ^ jLuiaII CiUS AjJ jaJl lilxuJI :6.4 JjJaJl 



:^[j/(mol°C)] 




225.9 




29.3 


02(g) Oi^t 


36.47 




75.4 


HjOC/) »U. 



(2) J 4 25°C ^ 37°C (> cj:ir.lil.JI (1) lAiiVl jiaiJI jL^I j^.-^nj .Lj=I jial 
17.4 J^l j^j . 37°C ^ 25°C j^l (3)j 'giil jill oij^ J^liill 



C,H,20„602 
37oC - 

aH„0„ 60, 



A//, (T) 



,^1 jLuiJI 



AH^ = AH 



6C0j, 6 HjO 
37oC 

[ CO,, HjO ts^J 
I 

♦ 6CO2, 6 H^O 
25oC 



4^ JjSjlill J-ISII ol Ji^ ^1 Jial JcUi jU- :17.4 JS^I 



:19~8.4 aJ.^Iju1I 3 ,„j,„^ A\ sjl^^l diljjxj ' _ ■ ^ (Jflt'ni'i 
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Ij^jjJal JiaVI jLiuJI t> 1 0 jiaaJl ni<Vl j jjS jliil Jjjjj 



AH, =lmol| 225.9 |(25°C-37°C) 

mol C 

+6mol I 29.3 |(25°C-37°C) = -4820J 



mol°C, 

A// , = 6 mol I 36.47 | (37°C - 25° C) 

' ^ mol-°cj 

+6 mol I 75 .4 — - — | (37°C - 25° C) = 8050 J 
^ mol-°cj 

.3 aj)-i-~.lt 1^ <ul J nl^ <<ll 



ah: = AiAh: 



AH, (37°C) = AHi + ah; + AH3 = -4.82kJ - 2805kJ - 8.05kJ = -2800 kJ 

37°C u.;? ■"'^V^ ^ jjSjlxll (j-o ^1 J (Jj^ ijc-lij ojl^)^ jLoij lil 
csjUi AH, lilj i ah; c> i jiuJ AH3 J AHj J ii^V . - 2800 kJ J^l 

A^LJiLa AH3 J AHj i^J^-ia <JJ jni-> nil sjl jaJI i^'J^ . AH; IjJjSj 

.(JajSI (Jcliiill jaLjIj ijcliiill tjil2i ^ 4 juil Tlfl <JlLilc.lsLLall dulS 4(3jLi->JI JlAall 

12-8.4 .jjTnni AH,(r)cjLi^ jU ijlL jiill jii* jSaJl! ^ lil 4j! jjc 

.1 t^jljoy CiMtlilall Jl] ^ linlll J^jaJllI jlS (_jj3l Jc-lioll sjlj^ l-jLazJ i "il . i,l 

Jcliall ojja. t,s-la«J i^ljll Jal 4,?^' (.^5^1 (jj^ cs^' uj*i/UJI ^aJLd-alj 
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AH°=^^AH° (20-8.4) 

J '((J^'-^' i-^\l^"iiiri (JJiiaJI (_^\^ S (J 1117.11 ^ lin'ill (Jjajll jA ^jj 1 ' IJ'i 

jjij ^Utj ^(jaljll tllV^ia-o ^ (J-»^-*jil (jJ^ La jljc. j_^J (Jtlijll ojlja. 

:2i£)UJLi cSjlj^Jl ^jx^\ 
ah; =4^A//; (21-8.4) 

-8.4 J 20-8.4 (jlj].:LiiJI ^jjSj J .4-0 jiiiall s t>ii?Jl 4^ (32-^1 cJ-^ jA jj tiua. 

f,=— (22-8.4) 



(23-8.4) 



1 A(/) + 3B(/)^lP(/) + 2Q(/) (24-8.4) 

UK Jclia A (>» J>« 100 o-^j^' -uWjU^i UuSi Qj P J 4 j!)lc.UL<JI LaA B J A (jl tlua. 
JcUill sj ji o^jialj .Q j> Jj- 200j P o- Jj- 100 jjjSil B j- Jj- 300 ^ 
(Jial ^ <j;a.liLi cluS^ jlja>a B J A jl (JI Ijlijj .100 kJ/mol cs AH° ajjLxJI 

j^xjj A^ljll jLjjLaiJ jjjiuijll Bj A ^jij^ jli 4(J.<ij£j J-a^ij^ (Jc-lidll jlj iijcliall 

jVI .(^1 j3l jLjjL-y jiu.Mill jJj^^illl jV L=ji ah; (J 12-8.4 ^JjUl^I JL«i^l 

-8.4 aJjUJU (_JmJI (^IjiaVI ^}s^M ^ AH^ (/JjaJI csi^^l ^^ ..W*^' >.ini->j 

:B J A 24 

A: ah; =^ ah; =1:^^^^100^ = 10000 kJ (25-8.4) 
la^l |-1| mol 
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B: M/;=^A//;=i:^^^^^100^ = 10000kJ (26-8.4) 

Ps| r^l mol 

P (> Vj- 50 oJjSil B c> Jj- 150 A o- 100 J u^' (> J^l 

.A (> 4jJajU 50 liSliA J ijc-lioll iaJ B Jtlilall 'jl .24-8.4 

A I jIjL> ;aJUJI eiA .100 kJ/mol csjL-i AH; ajjL*J1 (Jcliill sj ja. J 

A: ^^^".^-"M^lOOmol-SOmol^P^ 
' n, ,, 100 mol 

B: /.= "---"^- = '^°-"°'-°°'°' =1.0 (28-8.4) 

n,. ^ 150 mol 

:B (_pi?J' A (>iaJI ts^ 

A: ah; =^AH; =^1^^1^^100^ = 5000 kJ (29-8.4) 

|a^| |-1| mol 

B: ah; =<4m/; =1:^11^^100^ = 5000 kJ (30-8.4) 

\o^\ \-3\ mol 

jJjlLall (JLaajjoil ^Jt\ aLfu^\ < _ l^ij 'iVn-t .4-ui_piii'> nil ojl^pJI djljjij t _ ll ui-^ '-r'^ tJUaJ^VI 

.19-8.4j 18-8.4 
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^Lujyi ^juA ^ JaIS jjc (juijil 14.4 

:(_pslj3l ^Uj! 37°C ^ JtUall Sj ja. (_lLaiaJ (^ja.! sj^ 13.4 (Jlall (J.a«lail :^jLui4 

QHj^O, (5 ) + 6 O2 ) ^ 6 CO2 ) + 6 H^OC/ ) 

•6.4 Jj.l?J) si Urn a1x^\ (Jjli AjjljaJI CjUnill ^ . Jcliiill i-aS .laJ jjS jliJl (j^ 

. _ "'.c,Hi,o, - "i.c.HpO, _ 1 mol - 0.2 mol _ 
/c.Hi^o, ^ — : , ^-o 

•i? (Jcliiill iS^Jua (—iLuia. ( _I->J 4 (Jcliiill «.ljLi! (JS jj^ i-^Uj^'lnri ^^1 dlVj-alt L- il I ii-> \j 

-(-1) 

: (Jcliiill ^^^full (jjauaiSVl jl^ (jj^ 
rij Q^ =n. Q^+OQ^R =9 mol + (-6) 0.8 mol = 4.2 mol 

(>» ^ ^Lallj jjJjSlI -llJJ^t j^Ij t>4 (JS (j-o Jj^ 4.8 (Jcliiill ALi^aa. UJ^J 

.^LojJalall 



at 37°C jU-^l 



A//, 



^ at37°C 

1 C02,H,0,CjH,20s, Oj 



C^Hi206,902 
atlS-C 



AH 2 = ah; 



at25°C 



(JcUi jLou. :18.4 (Jiiill 

.jLuuVI ^^ jjSjlill 



jjajUll J jjc .(18.4 (J^l) 13.4 JllJl ^j^jJt JiaVl jU^I J^T-jniu.! 

(J-aatiuijj _jLuuill jj« 3 ejiaaJI ^ 37°C j_5iia. 25°C (>» tijii 4^ tlL)lclaiLall (jiajUj 
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:l(;l-ijnm ^ 19-8.4 AjjU-all 4^jni-> n\\ eJjaJl Cjl^yij (_lLuiaJ 

J ^ „ J 



AH, =(25°C-37°C) 



1 mol 225.9 



mol°C 



h9mol 29.3 



mol°C 



: -5.88 kJ 



AH, = (37°C-25°C) 



4.8 mol I 36.47 ^- 1 + 4.8 mol (75.4 ^- 

mol°CJ I mol°C, 



■0.2 mol 225.9 



+ 4.2 mol 29.3 



5.46 kJ 



ah; = ^ ah; = ^Q,H.o.»Q,H.p. ^.^^ 



mol-° C j V mol-° 

0.8(1 mol) 



-(-2805kJ) = -2244kJ 



AH ^ (37° C) = AH 1 + AH ; + AH 3 = -5 . 8 8 kJ - 2244 kJ + 8 .46 kJ = -2240 kJ 

. - 2240 kJ c?jL^ 37°C ^ ui^-^^Lj jj£ jliil ^>JI ji^VI J^Ui Sj Jil 
Sjl jU jA U Uaj . - 2800 kJ cSjL^ jjS jliil AH, J 

AH^^il .AH;t> I jiiS ji^l AH3J AHi J Uyl ii^V •(/c^Hi.o, =1-0 

.LjjSj AH° c^jIj^ 
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SjiL^I <^ jliloll (j^aij La .SJclioJI -^•■'1 ^Siyi Jiliajl aI^Lh-o (JJfkj (j£-<ij 

17-3.4 AijUJl Jjiij iAjSjaJlj jiiaLyi CjI Jij V 

: 10-3.4 a1A^\j 

J^mfi, -J^m.H. =0 (1-9.4) 

j 

Y^mfi, -^m.H. +ZW„„^„. =0 (2-9.4) 

-AH^ =Xm,//, -Y^m.H. (3-9.4) 
-AH^=Y,m,H,-Y,mjHj (4-9.4) 

liT «lt ^ jill jaJI j'i-> nil Ajkill Aija-o ^1 A^LaJl L-ljaaj (JjiS ej-o j 

lil .^jiJI J (Ja-J i^jljliS jjjlio jjj (jjj^l JLixloiL. lillij c2-9.4j 1-9.4 (jii]jL«-<Jlj 

Ji^L 2-9.4j 1-9.4 jiU^UJl o^.^ 
-AH,+e+W_,„„=0 (5-9.4) 
-AH,+Xe+i:^nonflow=0 (6-9.4) 

^1 jUl ui^ Ll^j .Utli:]! jJiill A//,. J A//,, M*-^ 8.4 

8.4 ijiaiall ULulj 

.6-9.4j 5-9.4 ^^ cj| jjiill 

f I jJaaJI ililjUill ^ ^j^l i-uS 15.4 
11.4 (Jiall Lj^^jJl lilli t> IjiiS jSc! (Jc-Uj jA sjjS Jill :^JL*» 
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6 CO,(g) + 6 H,0(l) ^ C,H,,0,(5) + 6 0,(g) 

j^^j^ •.Al\la (^ajioij jJjj liAj .(thylakoid membrane of chloroplast) JjSjjjKII 
j^Lij -^W^j^j (^jUx^jSj (adenosine triphosphate ATP) oJjjjjVl cjlioija 

^Lj^j .(nicotinamide adenine dinucleotide phosphate NADPH) cs jjJI 




-'^-'1 J ^t^^ihJ jjlclaalLi ^y ySJi ijjSjjII :19.4 J^^I 

Keeton WT and Gould JL, Biological Science, 4* ed., New York: WW 
Norton, 1986 

(jjjSjJ (adenosine diphosphate ADP) ojjjj-iVl cjlio. js ^1 cjUioi js Ac j^l?^ 
.NADPH _!1 oijSil NADP+ _S1 oJ jj 'ATP _S1 

SI jjx (JjiLoi jS Ac j.aa.-a JJ^ 'iJi^ JJJ^' O^^V jjiiaLaJI ^Jjoiill ^ J 

NADPH -SI i^lc] NADPH _SI i^Lj (ADP ATP _S1 Ojj^ l?!) ATP 
^Ij^JI *LiiJl ^1 JcUill j> NADP+ -Slj ADP _SI ^ .(NADP+ 

.(19.4 J^l) 
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U jl^ m o Jj^ lil .12 NADPHj 18 ATP jliJI *c5> .jl^' 'VWjj 
jjiUl J^l jl^ jA L. ;ATP _il (> ujlL. jill cjU^ Al\j\ 30.5 kJ/mol 
?NADP+ J\ NADPH -11 o- ^Ij Jj- sa^L 

.(1 atm J 25°C ) ^JjLa-* i-i JJ^ -iic; JcliiiJt J (>ajial .(aLi«-« J 

•aj'^"""'" ^ <^ jialall (jl (j^ljjSl UjS-ol t<A jiala CjLull ljjJJC.1 Ijj I JaJ) 

.'.l.!..,^! Sa<H ^ILkll kU^-.l 

j 

:5-9.4 ^ (j-— •■' 3-9.4 

-AH,, +e =0 

(pUllj (jj^j^l (^^) oii^l^ <!jL«-»l' ojj^l '^l jl JL«1u:Ij 2810 kJ/mol 
. 4.66x10"^^ kJc5jU^ aMjLa-«Jl o^jiill ^ jjSjkJI (> 

eAuiS! J ATP II QA Cjlijoi ji A£. a1\ j\ ^jc ^Ijll jkiJI ^ AiUa]! jjaj jiiaj 

JJC. a£ ja-a e jai 2Ujdj (JaJuj ASLL (J^aaJI ij t^jijCLa JJC. XaC iNADPH —51 

5Jljlj jjSjliil JJjSi ^!Dl!iJI dL^lr-lioll jjai^'i (Jj^l 4iijla 1^ ejljaJI 

^jj jA J^l jl I J^j .{AH^ ^1 J NADPH _!1 .ATP -11 u- cjli. >J1 

jjSjlc ^i^> ^liiV 18 ADP J\ 18 ATP Ojj^ >iJl cWJI m^-^ ^ t> 
:(30.5 kJ csl) ATP t> J>» cJjj=^ Sjj=:l<J1 JL«la,L ^1 j 
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I (18molecules)=9.12xl0 ''kJ 

j ^6.02x10'' Molecules ^ 



mol ; ^ 6 .02x 1 0"" Molecules 

NADP+ ^c?> 12 J\ NADPH *c?> 12 J.j^ J=4 (^ill cUJl 

:NADPH — SU >l j ATP — lU !W ^^ajiJI jjc cUil Jx-aij 

-AH, = -AH, +W^,p +W^^pH = 0 

Wnadph = -^ATP = 4.66x 10 ''kj - 9. 12xlO"^'kJ 

= 3.75x10 "kJ 

6.02X 10^^ molecules Y 1 ^ .„„ kJ 



:3.75xlO"''kJ 



mol j 1^1 2 molecules J mol 

NADP+ _!l J\ NADPH -11 tkj^j 'ADP _!l ^1 ATP -11 J.,^ j> >4 

JjLaJl liSli jjx jjS! 5-<i jiilall jjx ^ jl^l ^l-aJl jLM C5j' J^' t5 JJ^l (jj^ 

Aj^UtJI 3jtiS e^iltj j^Ai i^jljaJI jjij ni\ jil^Vl <JU. ^ j .<L<il£ll 

6-9.4 

-AH, -AH^, +Z^no„flow =0 (7-9.4) 

AH^=mAH^ (8-9.4) 

AH„=HAH^, (8-9.4) 
.cj^^^I j ^ jji^l Sjlj^ AH^ jj cji^ 

(^j^ajilt ijAAA CHjS^ 16.4 Jli»2t 

(citric UJ-aJi' jA ^.^n^^UJI a£I jsll (jj^ t5-^' 4jirj;}nil jjiaLa^Vl .1^1 :3jluu> 

LliaU Aix^jj UiLj^j .jjlj^l o-^' ^ jAj '(CgHgO,) acid) 
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: 30°C ^ J (JclLi ^ (Aspergillus niger) 

C,U,,0,(s ) + aNll,(g) +b 0,(g ) CHi 7,No.A.5(^) 

+J C02(g)+e H20(/)+/ c,np,(s) 

(jii. ^^^^j lS J^J • RQ = 0.45 (Jc-lijll I^A jjiiiUll Aajjli ^JjVuij 

SJ^^\ cAJj^j .CHj^^No^Ooj^ J^j .0.7 jjSjiiJl a- Jj^ ^EiUi-l 

.7.4 Jj^l eUasix ^Uaj^t (Jcliiill A^jUUl cAA jJU ^L^UJl 

(Jjjaall ijjLjuj .A£.Lji1I ^ ^ 7.5 ni^Vl (3a-2j Ji«-<i ijjLjnj iAcLaJI ^ ^iiS 0.4 

^1 j! Sjja 4l jJI J\ i/^\<^ ialSJI < ij. '^Jj .0.91 jjSjliB 

AjoiiiLa) -^Jf^' tllUlIad.li jJS .(JclaLjll jjC' (_^iJ) «,LaJ) ^jjic. jikjCllj .jaljjllS 15 IAjIjLo 

.(Doran PM, Bioprocess Engineering Principles, 1995.(> 



Aff°(kJ/mol) 




-2805 


C6Hi206(5)jjS> 


-382.6 




-552 


CHi.79No.20o.5(5) ^jSiJl 


-1962 





^j . ftV .1 

.(20.4 J^l) L^j:J=^l tS* <-J^I : UU^ oil 

Jil^ .2 
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jJI eiia. sUyi CAjJxa^ • 
• 30°C ^ AjjIj (J JtlLall ejl ^J-^ • 




• tjjAlllI i^j^ JcUx :20.4 (Ji«JI 



.(5.^ c>UI) 2430.7 kJ/kg ^^jLuu 30°C ^ AH^ ^Ut >a5sJj^ • 
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.kg, kJ, hr, mol : i^jl^ia. jll • 

.LAJ (h^Ui ^ 20) jjS jliil 



"^'^^ ^c.H.o. 180^1 J^l ^ 
mol ^ 1000 g j 

QHiA(^) + «NH3(g)+&02a)^cCH,,,NoA.5(^) 

+JC02(^)+eH20(/)+/ C,HA(^) 

-6+c+J+6/=0 :uj^j^l 

-a + 0.2c=0 :aJ5-jJiiil 

-12-3fl + 1.79c + 2e+8/ =0 :u#?-jj^l 

-6-2^?+0.50c + 2J+e+7/ =0 :u#=-^Vl 

0.45 = — :RQ ^ 

0.70 =/ :2U=.tijyi 

:Cllt Jj.»lla3t ^ .^.laJj (J^^ ^^^^ I— L<tjL&il 

0 = 0.196 &=1.82 c= 0.979 =0.821 e=2.62 

C,n,,O,(s) + 0.l96NH,(g) + l.S2O,(g)^0.979CK,,,N,,O,,(s) 
+ O.82ICO2 (g ) + 2.62 n^Og ) + 0.7 C^HgO^ (5 ) 

^jLjaliall Aru^W Jnir'iiiil iSUaa-all ^ jJI (32.ii jl Ijlij : CjV .lUi-all (!) 

lAiLkll Jilisjl y^UJ 
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:7-9.4 aJjU^I Jj ^jLbUill 4iUall iiUaJl Aij^U^ 

:Sjl^)aJl I _ ll I lit (Ja.! 

Ajjla-all Jcliall Sjlja. t_jLaiaJ 11-8.4 AijUi-all J^t'uhi t AH" ^ ^1 . Ij 

:7.4 Jj^laJI A^jiall (JjLjSjJI (jI k^jl jlj^ JLastJjailj 

ah; = X (<^.AH,v ) - X (o,ah:,, ) 

r p 

= (1)AH;,c^h_^o, +(0.196)AH;,^^ -(0.979)AH;,ch,,,o^^^k„,„ 

-(o.7)ah;,^^^o^ 

= (l)(-2805^1+(0-196)| -382.6-^ 1 
mol J V mol j 



^ molj 



-(0.979)1 -552— |-(0.7)| -1962— 
mol 



-966^ 
mol 



jLui CO2 J H2O s J^vi (^ui J Oj-i s J^^^ s j j >^ 

(illj tj^o^ 1^ .{Jclioll ejl^)SkJ AjjlLa 2 ...j.,,^ A\ ijflj^] (JliLal^jbul j .l^jii.^ 

: L-ll III'. 11 ^ _jAi3_^ t—lS^yaJl Aij-ajJ jjS 

AH^ (30° C) = ah; =^AH; ^■ ^c,h.,o,»ca,o, ^„ 

0.9lflll"^V 

^^-966^1 = -97600-^J 



|-1| ^ moi; hr 

^ sLall ijj^ (Ji«-a I jl I lit t AH ^ JJt nil sjl__>a. < _ ll i nt 1 ^liajj 
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: jjS jliil (JLajtiailj (Jclij]! Jix-a t_Un'>i li] i^jiajli La^J JclLiJI 

^ . Ill "^(0.91) , 

-^QH.o, -(-1) 

«out,H,0 =«in,H,0+^H,0^ = 0 + (2.62)101 -— = 265 -— 

' ' ' hr hr 



lOiv hr ){ kgjy mol jl^lOOOg j 



V out,H,0 V 

= 1160— 
hr 



kT kT kT kT 

= -97 600— +1160— -54000— = -150000— 
hr hr hr hr 

.(Jc-lidll ojljikJ 4jjlLi JJT I .-I «.Lall ja-JJ (jc ^Ull <aUail 

Jc JiU=J] 150 000 kJ/hr JcUJI » J ^0] M=s (I) 

.30°C Jcliill J 
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S jJLLJi ^1 10.4 

+EW„„^ow=^ (1-10.4) 

+!2+w„,„,„. (2-10.4) 

tAjKll aSLUI iiUajl <1jU^ (>i AjLblaill AJta^ La ^ ojjl Cll^jMinll jj 

jLu 4^ j! Vji O^Jj^ .AjjfaJI SJLa. <^UL<i (JllLjal jjsl ^jJa j (j£-aj •^j^ 

m j-jll 'I^ t,?^' (-S^-^' '-^■^ ^ -5 -5 ^ J^=^l J 

2 ^ j]x\A\ <iSjaJlj (jjoSUall CjIjjju (j! (>ajj^ 'Ijjlj • . J m. (jjj-oj^l 

c(JI!l<JI (JjjjbU -^j^' <^ ^jiiji ^jjLoiA l^jl^)^ 

^C^ ) 4jjl^)aJI 4 T I nil (Jjil£j fj\ .AjjIj 5-a_j]ala]| CllUj'^ AjjI^pJI i'iIt mil ^jl i_yajjki 

^ j!iUI Aff 1^ jjll jt jaJI (_g jlt jLuiJ e jl jaJl dlL^jJ (JW-» O-OJ-^ I >i lie 
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(C^, ) Clu\j lie. AjjljaJI AjuJl J^l£j (^jLiUj .(17-5.4 aJjUJI) sJjU sjU AjSJiiJ 

A[7 = jj' C^(r)dT (3 - 10.4) 

U=C^.(r-T^J (4-10.4) 

mH, -mH. +J^Q+Yw^^^^^^=-I- (5-10.4) 

riiH. =mC^(r. -T^^,) (6-10.4) 
mH. =mC^(T. -T^^,) = mC^(T -T^J (7-10.4) 

mi?,, -m^ . = mCp (T. -T ) (8-10.4) 

(4-10.4 2L}cjj31 ^LkWI aSUJI ^ J^^Uj ^jklJ aSUJI ^> 

:2L« jkull 4jK31 aSLLU ^jJl ^^liiJl gjij 'm'^' a^ jh'^J SJja.jJI Aii^U 

= = — (m ^^C (T -r . )) = m '''C — (9 - 10.4) 

dt dt dt dt 

.(AjjIj l^V jijL^I (^jLoiJ Z'j.^j (j TinKi ) c>*j^l ^ U:^"^^ ''^^^ UJ^ LaAic liSlij 
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(9-10.4j 8-10.4j 5-10.4 

mC^(T, -T) + Y,Q +Yw.o.no. =^'''C, ^ (10-10.4) 

^ r sj <^ jjiii Jii .t>ji] 10-10.4 r sj 

(jS-4J t(^|jdjVI I— i^>Jall Aija-aJj .^iLtjAVl ^_jJLlaj<o Ajlojll eiall (j-ajL^a ejjiiall A-o jJalall 

.4j.:iUiJI Alalia 

ejjil<JI 3-0 jiklall AjjjaJl aJjU-oII j 

mC^(r, -r) + (2+W„„^„„ =m^^C,(T, -r„) (11-10.4) 

44jjjaJl AijU-aJI l^-ajilj <-<i jlila .<-<i J JJC. <1 jSloll ^ m j] tliri. 

.La oJllc. c mC (T; —7" ) '3-0 jlalall J JJXJ AaUall jl.:i<i jjSj 

cC, =c^ -i? .cjijUJi -c^ =c^ uj^ ^wVij j^Mi 

-7.^ J 3.^-1.^ t^a^iLoll ^ '^J^ 3jj1 jaJI CjbijJI .^^^ilLJI jUJI Cjjlj jA jjl (Ilia. 

^ O**— 2 jLfj. g^ilSj 17.4 Jli»JI 

^iLaC. t <u;nj iaiU. jj.^ jj-a 9.4 Jllall (ji UP-^ AjLaC. ^Jl jiiji :5jLut4 

(j-a.li.lj jjj ^ (^ C5J^ tltjll (j! (^iaj^' -(21.4 Jij^l) <-ajiilall 

4Ji=J .70kcal/min Ji«..aj ^^.J! <jailj ? =03JiaJ]l ^ Ijijj jLk-aJI J j i30°C ^ 

4-ajIaiall _^)JC. jl^jxiaiLj (_3ajLjllj 30°C ^^J^ ^-?-J-^ j*-^^ t^jLauoJI (Jjt 

jLu ^Icjll *J ^ 4-aj!ill Siall (_Laia.l . lO.OL/min J:i«-aj ^j^j 

.37°C j-^.j: 
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^^Ltaj . 1 

. 37° C ^5^1 ^.J sj J_^^jl 2L.>iUI saJI (!) 

^jijj jl^jaJI ^aJI jJ^-^ jW?" 21.4 J 'S Mill (jJJJ :JaJ=Lk.JI (uj) 

.1.0cal/(g-° C) c^jLii ^jIjjjIj Ua j iC ^ =C^ • 
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. jS^lLo jjc. (JxC ^jJ V • 

. l.Og/cm^ (^jU^j ajjIj SililS • 
.Jclij j\ jjL jliu j! jiJl V • 

j till jjatLall (djj 

. Ji.:ill jLii ojlja. (Ji^ -T^ • 

. jlj^l (J^IJj ^^pJl jLii ejl^)a. i_&-oJ ^ i tlL a iZ'j * 

. L, min, cal ,kg ,°C :cj|ja.j3l • 
(jfiSj J at'. Ill I •■•'< -J lil il.Og/cm^ tijLau ^Jl AiljS LLJajial ijj-iLoiVl (ili) 
. lO.Okg/min ^ J^^.^ 10.0L/minc?jLay J^J ^ ^.J 

Jaliajl dV^U-a JnT'lml IjJ 40jlja.j ojLo ^^Si '^'^Jua Clljl-iT nil IAJjIji^I (1) 



jjx 4-0 _jJilall j 46 jjjJxJl Cxlc\Jil J liJaJial • 

kg 

nzj = nij = m = 10.0 

min 
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• 1.0kg ^ Alilj jl^l Ji.b 
jiSaUall jjV 10-10.4 SjiLo^l jjt ^UJl aJjUl- ^ • 

lO.oif A^Vo^(30°C-T)+70000^ 
min 1kg ) g C min 



1.0^ 

looogYi Q cai yr 
1kg ■ g-'c] dt 



=1.0 kg 



370^-10X^^ = 1 1^1^ 
min min-°C v °C ) dt 

A^jj) jiill J.«iu^ c 37° C Jj J_>x^jll 2L.>>U1 SaJI • 

r Jo Jj.^^n aSjU) AijUJI J-llij =OAli=JJl 30° C cSjLoG Sjlj=Jl 

kcal 



f r-^ ^ , , =\ dt 

^ 370^-10 

min min C 



^ kcal 

In 370 10 r 



37° C 



kcal 1^ min min-° C 

min ■° C 

Sjl ^1 A^jJ V 111 . ln(0) V <jV J-l^l mL"^ (j^ V 

(»J sjja. J jliiti LiLc .(8.4 Jj.i?JI) 37°C M J^' 

.SJi^lj Aijaj j> Ja! Jii. 37° C 
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( °C ) S JjaJl Aajj (min) di«1( 


36.0 


0.195 


36.5 


0.264 


36.9 


0.425 


36.95 


0.494 


36.995 


0.724 


36.9995 


0.955 


36.9999995 


1.645 


36.999999999 


2.267 


36.9999999999 


2.497 



4j! jjc . 37°C t^JI -^Jj^ <^J-i ^JjUj"^ sJU ^1 j'tiaj jaJI (!) 

.s.la.1 J AiiSJ J!iU>. 37°C (j-a 1-^ f-^' ^J-^ g- u.^-| ULaC. 

aJjUl^I (Jl nir"i I iilj .laJj (JiLabs ^l^^?-] > Jt i r-i\l : (j'i-t'lll (l_i) 

JSj 37°C 30°C t> J o- -^1 J <->)Ul saJI J ^!jf?JI 

. 37°C J i:^ J\ '-ij-- i 30°C <ij 

4^ jJiiJI ^ AiUall iiliajl aJjUlx (JjJ^ J^T JHo jA jLaijVl i ii-> ^^ jl 

basal i-illLuiVI Jj«-« j .ajjUa^II cj^^UiliiiJl ^li! iJj^'-A sj j^Jl 

^ ^Lu! ^»juiaJl AiUall 4j (J-aaloi (_^iJl jEia-aJl jA (mctabolic Tatc BMR) 

I jjia (Aj jjVlj ejjSill) o-iaJlj J-sJl j^UiiVl c_4^ialaiVI Jjla-a Aj*a5 22.4 J^l 
4->l i»n (_5jLaijj .(^aa.aJ3 LoUajlujI (Jaaj I^a) ^uoi^l ^Jajoi j-a jiall e 

2^ 1.8 30 » ij^J 150 ^ 170 aIjL) 

.^jJI jLS 1600 >=ij J 
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(_L)l2LaiVI iaiuj .4iUa tAjj^^l sjjJl j (jjilillj 4jjlkJI <k;ijVl JJC t^Jaj^Vl 




^.J^^\ -.22.4 JS^I 

Guyton AC and Hall 
JE, Textbook of Medical 
Physiology, Philadelphia: 
Saunders,2000. 



.*jiS 70 ^ ^ ^1 '^^aJdi\ fU5i ^Uail (Jjj^ :9.4 JjJaJl 



» jjj^ ^Uall lJ lal^l 



65 




77 




100 




105 




118 




140 




200 


(AoUll ^^jaS4.16) ^Joj^^ 


500 




570 


(a^LJI ^ ^ 8.48) cs J- 


650 


(acLJI ^ jJS 8.48) ^^^.u, ^ 


1100 





Guyton AC and Hall JE, Textbook of Medical Physiology, Philadelphia: <> • 

Saunders,2000 
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(kcal/g) A//^ JcLiUI SJj* 




4.1 




9.3 




4.5 





Guy ton AC and :(>» u^is- JjJaJI * 
HaU JE, Textbook of Medical 
Physiology, Philadelphia: 
Saunders,2000 



uL^ (jaiJi, ^jk cj&UluiVI 18.4 JIIaI) 

Jix-aj ojJji 150 ^jjj 170 <J jiaj 19 OJ-aC (_lLij oMj^ I^jLuii* 

j> Ujc. 35 O"-!^ cs-°ji^' J .1730kcal/day (^jLuu siic. L-i^iSiu^VI 

o-j-^ij .(t-23.4 J^l) jjjajjj^I ^ U jc. 320 j ^oj*-^' (> Ujc. 71 j 'ohjjJI 

.(jjUii jjJl J J CjljAiA JJJ^I Jclia i-il Jj^ 10.4 JjAaJI 

^jx LlojJ l^JJL-a (jUjJ ^jU'uiiJ ^1 AlUaJl jIjLo jA L« 4*li»JI IIa »Uj :1 AJUJ) 

iAjj ^ILkll j> aUI ^ 20 W J-Li. jU jj J (jiajial :2 ^iUJI 

^1 515^1 jl.:ia jA La .Alall 100 (^J-u^ J'-^ UJ*-^ CS^j ^'-^^ J 

?^ jJI ^^ (jU JJ l( i Un'l'^lj 

Ai'li!t\ jjl i>=J^' »Jj=>- ^J-^ JiliaJl -, I \1 ijj^ ^Ijy ^-a-a*-" r ' ■ '-a'' 

ejlja. A^jJ e-iLij jl.lLa jA La .SjljaJl fj/i (j^alaall ojjli jjc. i'l-> ^ siai I'llUt'i 

Aju-u (jl (jiajSal ?iaaa j^LluVI L-L^lSiuiVl (>a s.i]jia]| sjljaJI ■ (jjoc-Lu: J^iLk (jLI^ jajoLi. 

. 0.86kcal/(kg C) ^sj^ a^J 
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:^ 2ljK11 aiUJI JiUaJl ^JjUJ 4jLbl£ll Ai^l :1 ^1 

1^ ^ - . i.-^ II ^ U I ^ .-slN mI J. ^ ' 'j^ ; 4^ sli^ (J^ Jib ml La ^1 

■^r , food ~ , BMR ~ , other ~ ^ 
jA £j.3MR-5 AlLkJl Jji.J jA £j. fo„dUj «^ 

^1 jjf Aaiyi iUj A-4jIilall ^1 AiLkll Jtlx-a t .AjjUaJI 4 ^.ViVl 



395 



f 4.1— 1+71^1 9.3 



:320^ 4.1 

day^ g J 

+53^f4.5^ 
day^ g 



kcal 



day 



= 2210 



kcal 
day 



t^ill AiUJl Jji. i_,L^j .2210kcal/dayj.lxiJI ^ iJjlJ\ asUJI ^jjLji 

<jLjalaa]| ^iUall Jaliajl <ljl«-<i (—IJjjj .luij 44-<uaia. (jj_)a-<i t_al_)Aluil jjjj Ai^>j^ ^jl jjlj|^>j3 



■^r , other ~ , 



■4, 



= 2210 



kcal 



1730 



kcal 



kcal 
day 



day day 
480kcal/day c^jU^ '^h=Ji 4iLUI JjL> jjl 



Alall 20 J JJJJ 2jLLi ;_a^^j LoUL J jlilall ajlA ^ :2 4JLaJI 

(j! (>aljial Jjiall j>i lil 4iUa j 44jK3I jUjJ 4JjS JjijJj .((-1-23.4 J^l) 

IAjjVI AjLjalilll Ailiall iiliajl 5Jjl*-4 JLutJjLiilj Sjjilo 4-0 jJiiJl 

dt 



4^ jj.^ 



1.2 X 




cliiil (jAjJa 3-0 jiiloJl ^1 3ii.l.lJl 43Lyi j£la-o jjj jjiJI ^ajoiaJI ^ AiLkll ^1 Jj j!i«-o (_5 jU^J 
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i^^liU Ji\ Ijkij .<iliiJI Jjjia j> Ll«jJ ijij^JA 2210 ii-b A^jh^J J 1 aJUJI 

jiilall (j-a SSI HI ^j^ji. (J.!*^ lit 



1.211730^ = 2080-^^^^ 



day J day 

jlilall ^ AsLkll ^aSljJ Jll-o cSjLatl t|j| 

^ = 4 „ -4 o. = 2210^-2080^= 130^ 
dt ' ' day day day 

jjaj 1^ ^Liall JjLi J '130kcal/day ^jiijJI AiLkll ^1 ji J:i«-« t^jl^ 

JOa-a jjSj t4la3l (^100 jL^ (jjAJ ^1 4iUall JjJ^ j! (jiiljiaU .jjAJ Jlji 

130^ 

_^=14-^ 
^ ^kcal day 

g 




.(cj-23.4 J^I) ^ ^nla ^\ Jjlilj V jU jj 0' Ji^ :3 AiLsJt 

4jK3| AiUall iiUaJl iljU-o ^tl*^ tojaLauJI JJC. SJUJI oik ^ .^ajoiaJI (jiuaO 
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:l^J ja. jjijj JaJU^ jkiJI AiUa ^ ^yiull 9-10.4 4jjl*-<JI (>i jSij 

— i — = mC 

1730^f 1501b f^Y 0.86^H 
day ^24 hr j ^2.2 lb„ kg C j dt 

72.1^=58.6^^ 
hr °C rf? 



r2hr kcal fT" kcal 
[ 72.1— J? = f 58.6— 
Jo hr Jsrc °c 



72.1— (2 hr-0)= (58.67 -2170 

hr C 

T = 39.5°C = 103°F 

■ • 39.5° C ^Llasll a1iA\ JJaaJ JijcLoi .1*J ^Liasll .IjI j ^uai^ ej' ^J-^ 

AlolHl CjliLkll Cllijjaj 2j;aiLaiVl AiLkll jxiAli^ J.-^i^l liA llakj 

Ajjl^U. JaliaJVl aJjU-o (JJilaJ ^JSjS LyJj .L^f ^jaJCLall J-a*Jl j (jSJCLall JJC. J^ajJI j 
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JSjjl > juni ^^ ^\JZ J <iK3l aSLUI j 11.4 Jj^l JSJjj 

Jll (J jl AaJI jlijl . ^jjiU-all JJC. jl jjailxall (_jj:L<ij]I 1 _ lun; jl A-ajhiall J j jJC 4-<UjaiaJI 

LjLjI l^ix^jj IIa j AiLLlI ^ .<jjli<Jl Ja.! j>i t^ji-Vl Jj' (_K>iij 

.(6 lUsII) '^\<^\ ^iSUall Jj (5 lUsII) ^uLjj^I aSUJI >i31 

(jjiajj ^ tlj,^'. iaU^ 1VI J Ajjl j^l CjVjU^ Jt l,l.r^1<i t-jljill IjlA jiLijaI jl Jl I jJaj j 
^jjjj'yi tlua. j^ iSJ^^^ 4-a^-<JI -.jitilLttll <aJlj«-o 4-<ij . iilLaljj.l_^ jjill 1 ^1 JdM^ t5^1 

Kyle BG, ) ij ja.! t_uS ^ ^^^\ iAiAn^ Ji\ jjjlS j free energy aSLUI j 

Chemical and Process Thermodynamics, 3d ed., Upper Saddle River, NJ: 
Prentice Hall, 1999; ^engel YA and Boles MA, Thermodynamics: An 
.{Engineering Approach, 3d ed., Boston: McGraw-Hill, 1998. 



.AJill AalLlI 3jJ| ^jU-. jxSljillj dSl^VI J JaJjiJI J A5jaJl o-aii. :11.4 JjAjJI 















jJC-j ^>*jjLf« (jjLaJ ^LtOxiiA. ftjLa (Jlijjl 


aa^UJI 
















mil 
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A:^jJ JJJSj (jS-a^l (j-o Aj| ■ (JjfJJ ••^1 ^J-^ J:!-^ sJj^ (J^'j^ 1-4 

.jJI J^l 37 ij-aa. 

L^fj lAilS^I <LalLal (^jL^ ^Inlll IIa SjljaJI 

La . 1.87 j/(g F) (^jL-ij ^.jataJI ejlj^ ^J-^ Sij'j^' AjujA] (jial JisU (t_i) 

• j/ (g X) i s jJIo (.JoiaJI 6 J ja. A^jJ lie ^.lll AjJ jaJI AjuoJl J jlo jA 



.85 + 0.000234 r[°F] 



g.°F 

A T I 111! 1^ \-kt'\j X J 0 j.iL<i 0 jl^)^ ^-^■J-^ (J ny'i i n'l AjjI^pJI ^.iJI A t ml Ai.il«ji ^j-^'lml 

aSjUJI bj a aP^^ ajj.i*J1 .ila. j^l "-"I jW*^ • J/(g -X) — ^ J^' 

J 



C, 



:fl+|7r [°x] 



g-°X 

98.6°F.ijc AjjljaJl ^aJl Ajtjai ( Jiii'.l i^dl) *jaJI liLI ja. A:au-ii (jiuj (^('-^) 

AjklJ AiUall lij .2.4atmc5jU.y t^lka iaiuJa ^1 jJauoiSVl c> AjjC i'n,^-=>f 2.4 

La iA^jjx^ tf^j ajx^Ij 5700J/mol t^jLou 310K .iic. Ai«i3 ajc. jill 

ijiJ 1.0 IjiJ 2.5 c> ajjLJI jUJl ^ o-^^ ^ uJj ^i^^^ 3.4 

I j| A-a jiilaJl l^Lial ^Jt] ^li^ Sj jaJI JjLa jA La .Aajlj sjl ja. A^jJ .lie 
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• l.Oatm lsj^! t^lJij"^! iai^l 

.lie f:! j^V' (jj^ -B -^'^"^ t^l A jij jjJl jjl CLloS 4.4 

Jnir'iiin .Cja j3l Jl jia lillj Sjl J^l A:^J.2 (^Ic JiliaJl SjjJAuJl -J i-JaJ 111 j 4 37°C 

{jA jAj t(jji jSc. jjc. JiK^'.j (_^iJl JcliiiJlj tl:10 gjlill B -li^l Jliala t5^j A tJ:" jjjll 

ij^Lj <iijA 

dt -"^^ 

tj ,A oHjjJI JjS J5 jA C^j '(A; =0.01 s"^) Jtliiill J:^*- cjjIS j* A: gt 

.aJjVi SjLJI (> AiJI 99 .iTi^io-V <^>ill saJI (^) 

.(1) ^ ^jjjoai^l oAaII frUul Aj^jlall B -ImJI .i.i*J-<i ja Jl.it t J.n'^l (l^) 

2 = hA (T'bioreactor water) 
jLjJ Sjlj=. <^JJ1 ^ r^^j^^J 'C5JA=J1 JcliJl -ijlj^ <=.jj T'bioreactor -S 

ilSOmM (^jLii C^oj iCJi Jul 10 (^jl^ (/jj^l JcUJl ^.a^ :L:aj1 Sjijia 
• h =V„ater xlOOkj/(m^ • K) j . A = 5m' j .Sjjj^l aJi. ^ T^^^^ = 4°C j 

•(>) 

.L/min — j I t>jll UjU aI^^jj (jsjj ■^'^(^) 
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CjljjjaJI (>.IjL> :24.4 (JiwJI 
.^1 



AiUall (jiiLiSl sjIc (Jx«1l4 jlfr^ jA (bomb calorimeter) ^^iiiall cjl jjjaJl o^Lji- 5.4 
i Jjxll (j^LjLJI liAj .(24.4 Jl^ai) tj\ J^^\ cJy^lJH ^ cSjU] V^IJ 

dlilj jj^ (j1 ' .'-^-J iLojlui "^uaC J-<uiJ .Clilj (_j]c. iiliai] ji, j 

.AU =C AT :A£iUJLj aJ^.! J AiUJl ol Jii c^liUl liA iaiijjj ^Ljk^ C o-U-ll 
jljia.'il Sjlja. (^jLoi i(C7Hg02) (benzoic acid) <iU. 
cjljjjaJl (>iLjL> ^^ j-iiL-JI (>»^ (> (ij^ .AH^ =-3226.7 kJ/mol 

(Jjjlj JjLa jA La .3.72°C JjlaJ SjljaJI Jjjia 4 25°C <2>.J^I lSj'^'J' 

(_paxjj aJI ( _ ll }nj te ^ i-i-'t mi 11 .ij^j frljul j .^Ij a J7»'>ll ojl^)^ ^-^■J-^ 

ijilij ^jiJlj JSVl L&- a1^^\ 

.4jU.VI Jit ?L_Lialai'^l jSx-o (J^Ual <lLa£ J jJIaA 

{jJa (a.Lall a^ .AtLui 24 aXs Clil jj^j^l qAAa ^ ^jJajj 

(^.il (-i^lSLo.^! J.ii« jA La .3.2°F JjLli UjJlt 660 csjl^ 4-.^?^ *LJI (> 
.laa J ^jic (>=jial .kcal/day j t sjI jaJI iati ^S-i^JI oi* (^Lui ^k»=>-^1 
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Ajoili^ tli^ Ja lilj! (jlajial .(—liall Ailik^ CjVL?-o i^yia (JjUII -lljiill 7.4 

(jj^jjjill «ir"u II <i l^jjajj ojltlj ^jj^l ^1 1 ii7> II g.1 i^r-V -^Aii Aij^>ia 

t&jJi L. ?180 K ^ ^ (1.5 kg ^) ^ o- l^lj 

Aic <Jjl jaJI Ajuaill IjJjSj C p *— U^J I ^ lie <Jj) jaJl <su-ull (_^jLuij tAjL^I jl j-a3l j 

^ (^jC jjll (_J jl^^pJI (_5 joa-all Jjij ^''^'^ (Ja« C CjjIj ■ .lie jaJl AjuJl (_^jLL>ij 8.4 
: 16-5.4 iljU^I ij^j eJjaJI ^yij 

C (r)=Um^ 

Ar^oAr 



: Ar 0 L«.iic; AjLjjJ) ^11^' J 



C,(T) = 



J UJ^ ^ ■^3?^^ t''li'l''un<^ll (Jxxjjoijj (JJjoLall 3 JAkS (jl Clili. 

AiUall (_Ji»lall J Cj, l^lj --^-^ .lie. jaJl At mil jjj A^Uix Aiilc 

'du_ 

dT 

^lui jUJi (jjjii yvii ^^11. jUi J ay ^£iUJi 2: ''J-^' 

A^jJ fjc 51-,aala <^ J^' CSjj^' jla^l ^'^J^ I'nUr.f 4(_iIj11I IIa 9.4 

till jlij ^L^TNJ JULo jUJ jj]l ;_5jl jaJI (_g j'l'. nil CjI Jjij 1 Ai.ilsi-4 (_US1 (!) 
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(>o 5.0 L/min (jikjaiil JjLlo ^-.j^i.^-i'i lililj t-JiaJ ^Ij^ t.n;!-i ij-axj Cij! 10.4 

.yb sLi j> aJ] s JjiJl JaL 37°C 4°C (> J j^Lj ^^\\ 

AjsIjS (ji J 4l.0cal/(g-° C) I^J-u^J V=- J^' ^Jj^' 4 T I nil (j! (jialjialj (!) 

. cal/min — j 4-4j!iJl sJjaJI JSj il.Og/mL (^jU^ j ^Ij 

^^La {jJa (Jx^ <JJjjj! Atjnij ^..jl-i'i ^\\\ Aj3Jlj (j^^ Aj! ' ^ ^ (m) 

AjaLial ejja. ^jSj tSO'C dial' (>= AjjIUj'^I ojljaJI • 

jaJI ^jLuJI sUjI Jjjj] «.La]| lilji i^Lall (_>ia ja. 

.dllcLui 3 4J^^^>^I AjLaaJI jt'i i n'l • 

iiUsJI i> 40° C OJJ L. Aj^MI *L<J1 Sjl A^jJ j--^»^V^ • 

.iaja^l ^ ejl jaJ3 JjLij ^ JJ *i .iasi ^Lall j Jjj ojl j^l Jliljl J- • 

.A'ni.i'>""il dlLij-^ajj yijl^r- (i_j) ^ _>JJaJ (Ja (cll) 

^iUljai ^La jl i; II (JjiluiJ .jj^j-o (Jila Aiji] jlj-ilu;lj (J-**:! AiA^ -^J^ '— 1 1 .4 

I jUj .iljjj tlatm -ijc 20°C J ^j-^ 

lit jl^l 4_jil AiLkll Aj jjl UJaJ (_^jll J!ia-<JI jA La . 0.7 g/min (J-la-aJ 

' 2256.9 kj/kg *Lall 4jjLi*JI jji^l S J ja. j^jUi .Alalt 100 i^jl^ eJjJj- 
. lcal/(g C) Ajc. jjll AjJ jaJI Aiuoi (^jLiij 

20 >aj AiLLiiill Ailjiaj (_5jLuijj t5°Cs-lj^l '^J'^ CSjLoiJ jIj ^JJ 12.4 

j> .la.1 jll j.1 jiJI <.LJI j> Li jc 0.001 C^J^! jJI 6- c^iia-all) ^1 4^ 

(JllLal^jC. 7 jA O^W^^ I— ia_j<o Aic jhVn r-i-\ in niVi i njj i^i—iLaJI ^1 j^l 

I ojl ^J-^ «.LaHj Ufilo (.\ jA Jjijll ^ J^J ^iiaJI ;_jUJI f.1 j^l 

.1.05j/(g-°C) ^UJI *lj*I] <jjlj^l A*J1 t^jLuuj .^ljt^j^i=^j(37°C) 
•kcal/hr — j I jjIo ajIsc ^ sj jaJl ^Uj^ j'js 
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ajlAm sIju! (j^aiuill ^jjj .t_LiaiaiVI ojj^ (j* 77 kcal/hr oJL?. (_>oi^ ^ji 13.4 

^ j^-^niit IjiA JSLa ja, Lo .650 kcal/hr 2^LJI ^ !iLixi 5.3 

. 30 °C jLii f.\j^\ s J ja. A^jJ Jj 33 °C jLoi .llaJI S J ja. 

j> U jc. 25 c> Ui« iJtjjj 4^ jJl i^Lj^j ^ j^lj jj JjLiSj 14.4 
.CjI jAiA^jjj^l (j-o Lal_)c. 80j 4(jjA.i3l (j-0 Loljc- 35j C(jj2j^)j3l 

oUa. jll c> j^^jj Wlj^ ^'-l^l j&l. (!) 
1 ' «1 j]| 1 ^ ' ■ "'^ j AaUaJl ^j--^ l3J^ 2 '•~^,'J tlyj'^ J-^^JJ Cj?.J?4(s-') 
«.Liil jSAJi^ ciiljjjaJl aJIjI (Ju*-o (jc 25.4 (J^jill ^ Wi^ll ^>j3«jj 

: J Aj^)Jj]Ij Axaaall pLiil ^ajoiaJl ejl^pJl 

^ = -5600a- 0.25)' + 350 0<?<0.25hr 
dt 
dF 

^ = -1400a-x) + 350 x<?<x+0.25hr 
dt 




AaLkll :25.4 tji^l 
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26.4 JS^I 



uj^ (26.4 J^l) CO2 oj^j^> cs^^ t> c?^ '^W^l 15.4 

jjSjJ A\j t4"ii 'A^W jjm A ^^U^)^ (jLajoi A 1-11 III ojl^yaJI jiSaall 

(j.a jUJI ^<ul (3^J 'Cj^Q UJ-^ ^ tS^j * ji^J^ (J n L<i.ljc AjjJaLaJI (J^-^ 



.(2L(kcal/hr) 



AjjJalaJI ^ jUil ^1-1. 11 jll ^JCill (Jla-o jjli iAJLaJl oi* .ISli-a (_iUll 

:^JiaiL») .e.lall eiA Jl jia Uli-o Vn^-iUll ljU -^CO (§/hr) 
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.e jl^jaJl <±a jj31 4-o_jJaiAll 

A iii,Vi(; II (JLaxlLoilj s-l ^'u.^ AajV . \; ' CjlcLii^ CjjjS 16.4 

juSf B >l ia^u^j A Jjj^^jI (27.4 J^l) LjUikUl 

5°C ^ 4.0 L/min ^ 
Aiu.-jll (>2.0mol/L ■t' W 




^jx^ Jtli- :27.4 Jixil) 

A J=i-.jll j> 0.1 mol/L • Wi}?- ^JJ2^ 



.(JclLall AJLkjj (JjS 5°C ^ sj^j S-^J W*^ jSLuui JJC. A iaJJui j3l • 

.4.0 L/min jl^ Ji. J jLu (Jsjj J:i«-« • 
.1 atm J 25°C :iic JcliJI J«j • 
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. leal/ (g C) cS jLuU J ^Ullj Jclilall (^jLul ^ jjll j^l AjljJI • 

.2.0 g/cm'' c5 jLoij ^Ull J Jtlilall • 

B iaJioi jll 2 <— A iaJioijll t> Jj- 1 

(JcLLJl (Ja.Jj Laili. .AjJajpLJI <_i Jjiall (j^^ "^U^ (^j A liliJ j3l Jc'lij V • 

. JtUj jjji 0.10 mol/L ^ cA i=LLuj ^1 j> 2.0 mol/L 

.-2050 kJ/mol jUi A i^.. jll ^jU*JI Oij^' »jl • 

.-1560 kJ/mol (^jLai B V^jll ^jjU^Jl jjjSill s J • 

.540 g/mol J 1080 g/mol uL!J^! B j A uLAj>JI u^Jji' • 

10 Ja«-,u 2l. ^ X«t 1=^\ JjjJ • 
(jialla J/lnnl Ajcljjll lillLacI ^Jxji^^ jjSj 'Uil?. flic. diaj fij?-] ^ 17.4 

.3jLa.yi Jlc jljuui (jjSij UU j.a 

(_jjal (jlj il^i. (j.iaiij-<i i_^jAjjA\ jUi«VI (jl i^lV. Clulj C!jLjjj£l ^L_l^ 

jl jJiiUll liJjJaJj .LlLaC. -Ulc ^laJT-VI jjLaJ V J 1.1?. AutJ liik-jj^ ^Jt\ 

jjSj (iJ J 4(jiajVl ^iaxii illaj IjLo 35-25 ^^JJ AllaiJl ^ <iajaJI oLLall (J-aC 

CijlS lijj il.O m/S <C.jjaiJ sLi-all ^jJa Ijj sLlo jjS jj] jL jii. 

j! ^\ D j^l J Ai,U=la,VI 4^ La i0.05 rn^isjl^ M j^f>U ^^Lj= j*JI ^U.ll 

.(_^jUj1I 'I J ialjjLllU t jilo liLl ja. lac] ^A^jL^aJl U jS _p 

t 50 J 25 J 10 J 5 jLuiJ Llllc.Ual.jilj OLkjJa-all (.\ jA (j£Aj(l.ll) 

?U jljij i_a jjoi ^1 J AcLkLaiVI La .LjU-j 

^jWlnn ^«ihr.Vt (_3<a*il jA La .AAuJI fja Ji Ltii jjJI pLall (J-aC jJaJJ (til) 
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j^La jOaa^ ^liujl till jia-Lall ^> 4<l'i-=>fl ^1 jj! (J*^ jjVl J ^1 J-Vl 

100 4J jia ^JLi j^iajJl .A^jJ 70 ej^ jliajl ^ LajS 75 

^|ja! 5 Ac__>ui AjjiaiiJ jj^aijill (JxaJl jljLa jA La (i_j) 

ojjlla^ CLlLl j") I II n ^^Jj^ ^j^-uiJ «.Ljaill ^^Ljaill (Jj^-^ U:^ 19.4 

J>J iljljb ^ 28500 km/hr cSJjLall a^i VAk .iaj^ AilaLp 
^iii Ji^ a*jL.;JI AiUJI Jjiia jA Laa cSj^Lba ia (JjS 370 km/hr j 

AiLkll jkL Ajjlla Ja^ Aj-l£]| AiLUl ^ jklll J iJJI 90 j^l aJjS 

jjajjj c^a^Lu^l ^ Ll^LlII AiUal Loujj IjAj-o^ ATP (jjj^jVi Cjlioija jjjjij 20.4 

: ADP (jjjjj-iV) lljli-a jS ^Ij CjILoi jsll Jajl jj .la-l Lajja. AiUall 

ATP + HjOn ADP+ P, 

A-a^pUl JcUall ej ja. i.lni^l il2.4 Jj^l eUaxJl AjluiLijJ jUl CjULull jLaiitLi 

.ADP _!1 

(jc-lidHj (leucylglycine) ju.nUlj.ii jA ^jj^jil ajjLulJI Jcliall ejja. Jsk 21 A 
leucine(5) + glycine(5) leucylglycine (5 )+H20 (/ ) 

.13.4 JjAaJI SLk*-a AjjUsiJl jJjSill i-lljja. 
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*AH/ (kJ/mol) 




-2981.79 


ATP ojjji^Vl jji-ji ^ 


-286.65 




-2000.19 


ADP jjjjijVl jji^js 4^1^ 


-1299.13 





Alberty RA and Goldberg RN, 'Standard :(> cjUUll * 
Thermodynamic formation properties for Adenosine 5-triphosphate series". 
Biochemistry 1992, 31:10610-15. 



AH°(kcal/mol) 




-154.16 




-128.46 




-205.6 




-68.317 





jl^V (>Ulll Sj 22.4 
C3H,(g) + 50,(g)^3CO,(g) + 4H20(/) 
ci^j • CzHgO JjLull J (> .1^1 J Jj^ (jl jH^^l ojl J:^ jA L 23.4 

2450 Ujl.il<i 2jUa Cjjjaj .^3 Ajl QjUI j>a a j;ir ■ ,o AjjC ia^^ilj 24.4 

LjliSJI oii 4lij_aa Aj-ajj ^ ' " ^ ; L_lC.jjj . AiAijj i_ya^ jl ojLja jljl 
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.cA^jj. c?Ji- ^ (CHj„Oo45No24 <JA Ai^l I4J) 

jA 5kg/hr^5jl^ JtliJI (J^IJI glycerol (C3H,03)Jj>^l J 

JcUJI ^JJ^ Jiliail jl jfl-UiL (Jcliall cJ'j^j --i'-i^l (Jc-lilall 

glycerol + NH3+ E.coli + CO2+ H^O 

(jiiiiill (jlj 4— 22.83kJ/g (^jLui (^j^ '^^j^'^y tj' c>= j^' 

e jl ja. (jiaikj ^ jl 5-4j!5UI (_^jt jaJl Cjl ^yij ^j! (jia jpst .0.44 

(saccharomyces jiaa J nT'inL tjj.4ij UcLl.^ Jjj^V '.'^^u 26.4 

(j:a jial . CHj ggOojgNm^ s jxsiJI ei^ ajjx^I Aij^^lj icerevisiae) 
0.25 AiLj=y iLkiij c25°C^ Ji^ ^CjH.O J_>ili;'y' C^i 4^ 

Jc.liiill (Jjia^ ojxaaJI ^\ jjSjlill ^j/i ojjJ 5.0j Lij_^Vl j>i aJjS ejJjl 

CgH, A ) + NH3 ) ^ C3H,03 (/ ) + C^H.OC/ ) 
+ CH,330o.5,No,, (s ) + CO,(g) + H,0(/ ) 

Cliaaj ejljaJl jIjLo jA La .lIujSj Jjjljjyi (jx ejJjl 1.4 i ini'i^'i 

. — 21.2kJ/g (jjl^ 0 S J**-' » J u' (>=J^' 
6.1*^1 (monosaccharide) AijliJl cjUjU.! ^1 (lactose) tSKiii 27.4 

JtUill ^1 jj 

lactose +H2O ^ glucose + galactose 

. JjjaJill li^ ^JjLuiJl JclioJl Sjja. i.un^l (!) 

V ojill o-^Vl o' -(lactase) jln^l jxjjjU s^U ^j^UI JtUllI >4(4j) 
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iAj^US jULkV J . jj^^' <-)^ '-^-^ ^Jj^ (>ajial . ji^^' 

jjc. LaA J tjclilll UjU Jljjj .<aja:JI ^Ijc. 100 

125 U sjj^ JcUJI i> cjLjf liU .(1 atmj 25°C) UijjJill 

jjS jlc. ^1 tSKiii j_^£!UI La t^jjlj '^jj ja. A^jJ ^Uj^ AjjIjII V ja. 

^^l^ ATP u:!j>i:iVl CilLa.j3 t> ^Ij Jj- Jj=^ jjs4 4 jLa^yi ^ 28.4 
(> Jj- (Jjlioj .Sjjj^jLS 7.3 LjjL-i <aLla ADP jjJjj-iVl <jjliaija 
Sjj^l ^SUall L .ATP —SI (> V><i 38 jj^ 'r^' jjSjkJI 

J ^»A.la.j JSS/I JjTjku.n V (jjill (^Ulall <.s-^>o <Jj AJJJ^' (JtJJ^ (> <''^' <.5-^ 29.4 
dljAiA JJJ^I (>« Ijjl jlo V jii-o SjIc- jj^j -S^ J^VIj AjIxjII JjL'.-n V (jJ^I 

lilj '28.4 <iLi-Jl sUulJI cjLajk^l JLuLLoiLi .cjliL«liiallj cjUjjjjjIIj jjAollj 
?1650 kcal/day J.i«-4j kijjLl ajJ ja. ^iLL jjI jjI Uajj 

(j^aja. ^ 6.1a 4jS jll ^^ <jpJ\ ja. Ajlac ^> UjsLuJ jjjJl jJI sjlc. (^'^ 30.4 

Tp^^ l-^JS 1— JjC.^>.all (_)^ jaJI pLa 6jl__)a. 4^j.ij .Ailla^ Ji*^ dJIcI (jjjLaJ f^J 
(_5jUjiJ (jiijaJI J '18°ClSjL^ jM' «-LaSI ^J-'j '55°C iS 

1 4:k.Uaiail ja^ Ijj^ajaJl jjiuuijl jUjiuil (jIaIj .lOOOOL 

IjVjJ 233 cJjli* ialjjljS 500 Alclklx.! .sSj^j .^jil ^ jVjJ 400 ^ i-ljUu- 

Jlijjl Aa.laj (j^J -Li-JJ IjV 30 -ia'jJ^ 10 <lc.Lklujl lilja-aj ijjjJI ^ 

jtiajo. Aa.Luui A J 4 2 W/ (m^ • K) jLoUj J jaJI Jiill J-L<-a jA /l jl liua. 

21°C (_^jLuiij ajjIj Z'^s.lj^l ojlja. 4^ jj (j! (jijfial .12ni^ (_^jLuiij (jiajaJI 

.^jaJl <iLill Sjja. 4a.j.l Tp^j .lAia. aIjJ^ (>ajaJl u'j-^ U^J 
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?55°C 18°C c> jiJI l^Jaj ^1 iJj=J Jjl. jA L. (!) 

.35°C OJ'^ ts^j "^^ J ^J-^ (jlaiaJS 3JU. ^ j:^juiaJl jJA 31.4 

.AjAjjj (JjI_^j 43° C (^jLuj 

jljjjj 4 37°C^ 1850kcal/day ^L^Vl s J J^' J-^ (^j^i (') 

(JJjIa (jJJ ojlj^l aJ jj Jix-a jliitl L^^J • 33° C Cjj^ ^^icl 

La iljjjaj «.Lai3 lillj (_5jUjij - ■ ■■■^ AjjIjaJl A t i nil jjl (jjaljpslj .Llla^ 

^■tljl JaAl Ij] ^Jl SjltV A^j^ill AjAijjII JjIjJI jl^lia jA La 

y^ini->U AjSJCi AjjSj (jjSil Ailjiall eiA 4-as!)La (_^l.a La 

eiall LaS 4 29. 1 j/(mol C) (^jLoi LLa^ S J jaJI i:ljL?. jJ JU^ 

<^J\ f.\j^\ jA Aia.j31 0 jl jaJI Jl^ jlS lij f.ni->\t scjj oJlUy 4-aj!>UI 

5jJLi-all La! .j.iqnll ^[jW ojlj^l jl^iaS t-liaj^' L?^'^' s^'jS^' JLaaioil 

^ J. ^-^^1 Aj^j ^JiC. <-a^ cj_jil.l]l ■ /i^j^l j^l J 4jal.JI AjAijjII JjI 

<aJL«-aJI o^A t J .(-Jail J ^Lajll l^i-a j 4_a^l sL.iiC.!>U 6.1jlj3l sJjjJI »J.i 

Aij^^Ja ^Jpsl .A^aj^La '"'^ jj^f ^ U:!^3^ ^j^aLauuil j! «.UIa! ^ lil^^j 
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Uial jj lij SjLlJI j»^UI ^jVJ .il Jj c> Uux^ <.IjVI jki 32.4 

jLdjVI lit jljla.'il ci-^iii^J -t/Jj^J' '^J^l J J t^JjJ (j'j 
eJjaJl Jlijjl <a.iaj CA^j .4l°C jaj Jl Ajli-UI ^.joiaJl Sjlja. JjL-ij La^ 

J 4|ilS 13 lSj'-^ 4(Jaia J_^J (Jj5 tjJ-^ ^^-^ ^ 'MiiJ^' '^^J J^ 0) 

jLa. (JjiaaLo jj J Silica ojUjoi J ^jlj^l Cjj^l j J] AaJia 

.65°C ^J\ ^\ ojLbaJI (Ji.b (.] j^l ^j-i ,*iujJ • 

• 37° C c5 jUii ^jjIjlLVI 8 jl jaJI • 

. 0.70 c5 jIjjj (Jiyi ^Ir.i <^Laui • 
. 3.6kj/ (kg C) Ujjsj cs jL-u ^ij jaJI uL-uVI ^^-la. ajuj, • 

.15W/(m' -"O 

4-<ual^ ^1-1 III iilflj 80 jj C?J^^ <!! I II nil (J^ .IcI 

. 2.0 (^jLjij 

liLI ja. ^ (jj! .[2] Lljj^ Jiia i^J^ Ajjitx AiiSJ 15 j 10 jJJ oiall jJdaj(cj) 
I n't <i It s.lall J JMj^^ (j^ J (J^-^ i ' ll 'ij i ii't'il 

Ji\ (-jUilU ^ 5 JjLu l^lijj J 4jJS 75 stj-l (>» Jial 33.4 

UjUll sju ^ L« 42^U 6 Jjl= j^jj VjjLJI J\ M^^l '^jj l^J (^) 

.iSl^ 4 2000kcal/daycsjL-i! ^ • 

. 2300kcal/day 
.^LLII j> IkcalujA-^' U jc. 9.3 t_j!ialail • 
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jjjj ^Lj ^Jloj ^ ^ ■ ; IjjLuJI CjIjIj) ^j-aJJ (^ylc ?(Jjaa-o liLlj^ (Ja 

.aM^ 15j 10 

A^jJ AjIc (jjSla. La I Jnl->t .90°C Jj^ j! bjLJI sjlj^ ^J-^ C^{^) 

. 12 W/(m' • K) (^jL^ J\ J j^l (JiJl J-U- J • 

jiic ^LJI (> jlJ 100 ^tLJl (> 2^ 13 (jit ^5 ^J'^ u' c>=j^' 34.4 

Uj Ulu:^ lil iO.OSOkg/LojiS jii J^l^l aja^ jij ;15°C 

(Jjia-alU Uala V jL^ JjjJ j 5.0L/min L&«-aJ jl^>-lailj 
(J^ Jial jlia-all ^lall jjS Jj J jj.^ jll ^^ii. ^ ■ ^a"" ^1 sAall ^ La . JjJ-ojll 

=0.996 -1.17 xlO 'S 
(_5 jLjij S i!)^!!* .[3] Jlall ^Jjil <ijau]l 0^ 1000 c^jLoij 5 ^ jiaJI jj 

^ ^1 aJjS J 5 jUI jja. (jia jisj V . kcal/ (kg C) 

jjjj ^ UU-Lu JiJij lilj! J 25° C c5 jLuu Ajl jll jLjjII d u^j^' 

(jx 6JJC. jt l—LiULo (Jl nT'lniU .JaljjLS 2.5 (^jLuij ej.ia jl 2 <-.l U-. . „1 < Jio^jJl 
AjuIj Ijij-^ajj Jj.ojj3I JjLuJI sjIj^ ^J-^ '*> ' " f^j' 'g-^'j^^' 

j> jtia .s.ijU Cjli (j! ode45 J dsolve j diff i^JM^ 

^Lall j^J^ UJ^ LaAic. (Jia^jJI j-" '- (Jjla-all ojl^)^ '^J-^ .-iMyi^ \.. 

.0.030 kg/L 

.<c.jxaj (j^jxJl jjjii (heat exhaustion) l5 J tdl^Vl ^lul cU^l (> 35.4 
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A J ij^Ujll (_>-a jail S jl ja. ^yi, J -ijj^ al 

j> (^jl jiJl jiSall <J-At .10W/(m^ -K) o^>^l o^Ji\ ^IIJ) 

^J-i 0^ J '30°C^ .ikJl ojlj^ ^J-^ CH" Jps' J 'O^J^l (_al_ja.j 

j^jLui Ajjl^ja. AjUbO ^^A n -all (j^jSlI (j^lj^ (j-o -JjijJ (_jA IaA^j (j-ajsll ojl^)^ 

.7800 kg/m^ (^jL^^l!i£j 420J/(kg-K) 
:1 

.Al\jJ\ ij J^l (m) 

.(j^ojll Uulj l^i-a_jj ^^A n -all aj/tj^ ''^J^ ('—') 

.(j-ojU UijIj AiiL-a jj jaJI Jjliill j!l«-<i jsj^jl (i— i) 

:2 ^LaJI 

(j^jSlI I^jt'iiiiJ siall I Jnl->t 5 Cr^-^*^' O^J^' A^Lual Cjjjj lit (!) 

.27°C^ J^jll 

.Lajjic. (jJc J 1 aIL^JI ^ (jj^Ull (jjj'i-t iflllj (jn'i'i 'mil (jjls 
siA (jlAal (Jja. 1 jj Ujj^ (JaLs^I J£1 ninlt La iAjLuJl jJaill A^j 



Ajj.ia-a J*J t^"^*^' O^J^^ (J^-» (3=*^ ^iUla 1 t\'\-% n n i r-i'\ ^JJSl (I) 

(»ljc. 100 1^ AjjLaJI (^iia^i .(2 aJUJI t«SliJ A^L3La AajSj 
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dllj (> 1 jilS jjS! ^Jj=J1 AjjUil Jjcli- J^! .2TC 

. ^ i \\ Qji Sjl^jaJl (Jj3a ^LlJa ^ jl^jxiuilj ^jlu^I sjl^)a. ^^JJ ^j, ^1 L)#^ 36.4 

eJjaJt (^jUiijj '0.86kcal/(kg C) 2jj jL-uVI 4*^0. ^JJu^ 
L\ 70 AilS ^jl^j . 1750kcal/day 

(Jja. jjjj o^lfclij sir. J (j-o t-aHjJ .4JajJl jfciL^ 4J] (^ic. Ijj^ liljlsAj-al J- 37.4 

(jx ejljaJl (j-aiLaJ 4ij_^)*-<i JJC. AJajii. (_jic. «.lc.j]l (jlj^ (_5 JJ^J .tlljlj Jali. iill^)a-<i 

.JL«j^VI -20°Ct^ jll iL«^ .2Jij^l 

Jjia i_i jjoi lilji J Ailiall ialiijl JjL^ (J^ Cliiij! liljV I jiSij VI i— ijl ^^>fkla 

CjUx^I LjjIc .la^a <jic jklj j .SJi jJI ij^-^'ii 4_aj!5UI SaJI 

. 600 Cm^ lALtajll f\£^ j3 ^lIsuA ^U-Lols • 

. h = 0.025 j/(cm' • s C) jU J j^l J-l*- • 
.25 W :(Alall ^ 100 t^jL^ ^J^J^) jll 4jj^ <xj:iUl ijM J a^\1^^\ • 

■ 1 kg :e-lx- jll JJ (^ill aJs jJI iajLi. jl.il<i • 

4ja_jj31 (jlj '—5 C (J r-ti-t n .Lo^jJI ojl^^a. ;jl (jiajpal .«.La3l 

<ijUix ^ jiioil -AHf^^jgj =330kJ/kg jjSj -5°C .iic j .iaSa ^Ul i-i.^ iaa4 
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jjLJI .24°Cc5jLuj ajJj^ a^jj <^Li t> (iJS 1000 ^ ^.ji^ s?J^ 38.4 

' 4trjMi^ 130 C ^li'i'i^ (JLoxIluilj ^La]l llj^ ^jj^joij 

lAijUJlj f.Lel\ jUall (> ej jaJI JlSul j£la-o j_5ia«JJ 

^ A J ii_J^\ ojlj^l (Jij J^U-o jS, h J tojlj^l Jliijl (jAx-a jA 2 oj '•^^ 
ijj^ ^J-^ T'water -5 ' j'^' »J Vj-^ <^ ^steam J "J J^^^' 4j>.L^ 

(JSj ^^jLuijj iQ.Sm^ 4Tjnij3t ojl__pJI (Jaj ^ In III 4->l iii<i jLui .«.L4]1 

.Uiila (> i_££i4]| «UI ^j^j • /i = 220kcal/(m^ -hr-" C) s J jaJI 

4 iiifun^ •^J(i ' '^^^ uO"^^ ^j'^>^' AjuJI (J/sAIj 4<jjIj AjjI^pJI *La]| Aji^ui (jl (jijasl 

.{DoranPM, Bioprocess Engineering Principles, 1999 

5 jl jaJI ^ J(S ' "^^^ J-^WdJ • 0-9 m'^ «•! AjSajiuaW '.-lil ^Jajoi A.i.Lui^ (_J jLoij 
^JjLla (iLlilj 2 ail 4jjlj«-all <^Li« aJjIxaj (_5-la*J (.^Ix-aJ L_a_jjji£-a]l ^iaiJI IIa ^)JC. 

siJI ^ L, .20°C sjj^ A^jA Ijj ./j =25kcal/(m'-hr-°C) 

?80°Cts:i^ f^Ut oj^iinl A^>iJI 
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di^jil ^ 40^1^4^ -ij-^J^ jW^^ M^J^^^ sjl jaJI (J n-sTi V Ajjc. tluj^ 39.4 

c(28.4 J^iill) s^Llo iS^^ dL, ^ja. 4jjxJl 

*LaJl (_viaj^ JjLoil ^Jaui A:i.Luix J^J 4 22°C e-lj^JI 'O'j^ ^J-^ 

(_^jljaJl JiiJI J-Uix cfJ^!J iSOOcm^—j cf-^iM' 
(_pLu c?-^l s'Lall (jiaja. Uj . /z^ = 0.030 cal/(cm^ • mill C) 

Q =\A^^-T,) 

4 200cm^— J ojl j=Jl JlSljl A^Ux, J^j ilTC -i=SuJl Sjlj^ 

: jl (>=jial . /j^ = 0. 1 cal/ (cm^ • min C) c5 jl cs jl^j 

jjkJl o- 400 J o- 100 ^ c?i^! jl^ csAikil • 

. 4_a j^'-H ^...jUu A\ Ja^jUJI J.<uiJI jl.iLi • 

.Aia^ (ijjjJI ^) jLiia.VI SJ jjjV AjKJI AjJ jaJl AjuJi • 
dia.UJl jjlj 4 0°C (JjS La U^Jj^ ^J-^ t^Jj L*-^ ij^y^ (I) 

dia.yi (jlj 4 5°C (jji Lo Ijjjlji^ ^j-^ L<i.ijc ' <iutJI (jiajial (uj) 
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jUj Sjlja. isj^ .(29.4 JS^I) ojjjjjoi jlij Aijiil Ail^ L>^j^ J at'i i ij 40.4 
JSC ^j^l 10°C j,^^! jLiiJI J t90°C SjjjjjJI 

^ JjLJI ^ 100 (^Ic JjlaJI (>a_J^ .iilaJI (>a_J^ .iJJJJ 

^1 oaJI La J^l '.^l jW*^ ^ ■^jjj J'-^ U .ajI^I 

ejjjJjoJI jLijJ Ajjl^)aJI 4 t i nil ^jLuU ^ Jll ' ^^^^ J^"' ' "J 

.l.Og/mL 4nal^c?jL^j =1.0cal/(g-° C) 




II «i AjtjjjV Q^jxlj jiil SJij LlJij^ (j^l jiJI til jjjjaaill sLlil 41.4 

e jl jaJl ^lij jl Jii^ j^l s jl jaJ] 4^*^^1=11 jj^l -i=>^ (neoprcne) 

^UijV jUjoiLii! jli. jj j iAjjajoilLj (hyperthermia) ia 
.(heat stroke) ((>i-ai jaJI j lsJ L«>a iaji<JI sJj^JI 

^^jjJI ijjiijj]! J iijiJI ^ 120 ^Ji=^ |_>iajj -^^O' J '^^J^' t_ijajji 

ojl jaJI jjl (j^al JjaLj j3l jl.ia2j i_Lu£]l (jjxjll J - ■ ■■■^ il ^J.^ ^lijjl j 

Q=h^A(r,-TJ 

^ A J iJaj^l Sjja. T^j 4(^1 4^j:> T'bU! ^ 
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Jixx. J J im (kg) csjLii (_K>ljiJl ^ aJjS J (j^al jiaLij .( kcal/(m^ • hr •° C) ) 
tjjL^ AjJjaJI ^J^\ ajuj> Jj (kcal/hr) t^jLoLi L^j^ialoiVI 

s J 4^ J J jiJI (_>:= j«j jtiai i-i*^ tCp (kcal/(kg-° C) 

.y^ A-tji T^j^ ^ajoi^l s jl^)^ ^-^■j-^ (Ji-flij (j! (Jjs A ht /I 

(jiiljiaLj .4j^ Alall ^ 80 S-Lall '1000|am^ LsJ-^ ^Jjoij ^jAjJa AjJajjJl 

liLa jSil 4 4.35kJ/(kg-K) (^jLii (^U jjj (> J SjJj^I g^^l ^ 

'0.5^J i0.1|jj AiJia^l 2 . uy.H 43Ua La^l^C gJmiU 

.3.0|jJ 

A ft Aajo^j idlljjjl 10 iSj^-^ An-y\ 4(_5j±k-4 ^^L^j J« iT"iuij 43.4 

Jai-all .4°C ^Jj^ (^jL^ ii-a iaxAij (ccUs hybridoma) 

(jjSj (jl t^liiyi (JjS .Jalj 500 L&»-aJ ^ ■ jS jj 4jjIj^>^ j;-^ ■ <jjUaJj 

«.Lu! '-^i^ W'^* -^^J^jil ' . '">JJ ' 36 C jllj iajoijll (JS ejl^)^ ^-^■J-^ 

jj -j-'-'l aJjS (j^aljiaLj iajoijll (^jVl jjijLiiU 2Lo_pUl saJI /jta. ■ 

J J Cp=0.20cal/(g-°C) t^jLui ^ jlj d3 kg cSjL^ (^^j^> 

jLuij 4 "it III fj\ J c8.0 kg (_gj\jjLi f_g^3Ljal\ Jajj aJjS 

Doran PM, Bioprocess Engineering t> a^.^^ = 1.05cal/(g •° C) 

{Principles, 1999. 

'r(cm) c^jl^ U ^ p(g/cm^) L^lilS ^j^ cs^ 44.4 

(_^jljaJI Jlill Jjijt* ij, (>a Jial .(30.4 (J^l) *.L« A mU^o 

:aJjUJU jjkJl SjS ^IJ j> Q (cal/min) 
'(cal/(min-cm^)) A^LauJl 6.^^.1 jl i^JjaJI Jiill J:^*- ja ^ jl cjja. 

ejS jJajoi A^LoLS (jl) S.LJI J JjkJI SjS jjj ^jaiLuII Allaia <a.Luui A (CIIl^) j 

.AjLJl jlj^l s jl ja. A/Zf (cal/g) > jjj .Lajlj csjj^l 
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aA=. i jS :30.4 



.t =0 ^Oi^l r=/? Jj 
. r = 0.5 R 0^ oj^ LS^' (> J M-^' (m) 

^ i J nil "n <i Liii^ L_lS^)<aJl (jjLij^)j31 1^ cj^ J J "W^y^ S-"^^ U^J^ 

4ja.tij| J j^yjj JSj .CH155O031N025 Liiia. OJJjjJi ^LJI Aiji-all 

(> 0.48 ^ cCHi„Oo4,No24 ^^f^l '^'i 'Jj^ Lf4!J:^VI 

AjaII ^ 20 jLaiia jjS ^j'j-^ l_iS^>a1I 4ja.tij| Lol . jjS jiiil jj-o 

Ajlac JAojJ AjjVI aJ^iUiJI JLutluil .Ixliil ^jjII liSli Ujjaj 

QH, 0,(g )+b NH3(g ) ^ 

c CH,„Oo.,,No.24(^ )+^ CO,(g)+e H,0(/)+/ CH^^p^^^No^sC^ ) 
AjjjaJl AiiUI jUii . Jcliall Jlfix! / J e J d J c J b J a Cil ^ly^ 

t^jLuuj .c =3.46mol/mollil '^Ijc 0.48 jjSjliJl t> ^1 jll ^1 jill 

. jjS jliJl t> jll ^1 jiU Uiia. jJI ojSjjjjll Ujc 0.096 4ja.tijyi 
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ijjJ 100 (^jLuu (Jlaill ^ ^ (jlj i j)\ J a'] I nlj (Jxxj Ijjj^ !>Lc.lL<i (jl (j^jpal 

;_al£ jl^ AaLjaj tjj£jiiJI (jxi 50 g/L ^ iSj^ ia^jll J c<cLJl 

jj! (jiajaal .25°C (^jJaJI (JtlLall J (J^JI jLiJ sjlj^ ^J-^ jLaij j .Jj£jiiil 

?^j:>ui Ujj-Vi jA L. (1) 

i_lS^)-all (jAijjJl ^Ijjj (_&si-4 jA La (i— 1^ 
4JjI«-<JIj jj->.ii<;Vl j!l«-4J (Jtlijll 0 J ja. JaJj j£oJ <j! (Jl^ ((Jj) 

A//^ - -460 kJ/(molof O^) 
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n4.4 jj^i 

.Ulj^ ^Uj^ AjjLjs^l JljJ^VI :14.4 JjJaJI 



AH° (kJ/mol) 




-2805 




-382.6 


NHjCg) 


-551 




-567 
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l^t^ jiljaJlj (jiljcStl 1.5 

.<iaL^l Aiajill JiUajl Ai.il*-aj jJlj <j3LJI ^'^Ajui (JJjiaJj <jtiS • 

A \\\ ^^ ^^ AiUa i-^W^''^. ^"itl J ^jj ^"^^i ^^A^^lixJl AjJ^j 4iLia]l c*_flj^)XJ • 

tllLajlLall J jliill ^LLuj Ajo] ^llo l^j-a Ac yUa j i .^1 V- ^ " ■ Cjl jlj (J^J sLijl • 

dL^Lcliiij Liclsuil 1 \i\ nil jjAiJaJJ Ajlcliu jjaj ^jlc Jaliij*^! j Ajjlj^l dV^ljt-o (JJflaJ • 



^jf^l (JliLIajjaLUt 1.1.5 

(Kirchhoff s current jLjiU ^jjjlS cjj! j jjSi ja j .AjjjaJl A^jij^l a^UII 

Ajoi^JI J slijjill jj-^ cs^ (Kirchhoff s voltage law) Aiiljill j^j^ jjjlS j law) 

t-lllallj .AjjIjj^I AiUallj A ']-, mil <jjl ya CjJ Ajua ^^Ic jjLo jij (jtLa^ (jljl^ilx-a LoA j 4<LLuJI 
lixoC Lo^ jJ^ ~^^'\\ jl AjjJ^ '"'Ij"'^ jS <ulj^)^ 0 jl J J I .-il "ir. -J - ■ 

CS^Ajui J nn'mn j .(Ohm's law) Ojj^ U^J 't^V.ilj<-4ll (j-o LaA JJC.J i_i j^JJ^ jjlal 
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(jAjJaoi 4jjLl4jS clLjlcliij ^Jaj A^juj ^ Ljajf AjjUj^I ^SLkll 4j jl j^j 4 "i-t hi It ialiajl j 4j jl j/i 

tijAaJI cjb^ J .(action potentials) cjUj^ ^uUojSjj^ 

(jj^ j J .2La.ljll aJU. —90 mV jaj dj^laJl jj^ cSj^Jj ".''■^''-V' i-aUlt 

^\ Qja J ((_jLkaluiVI Ji jj) ><JI ^1 (jJj aJLoiII jajall jj-a Axjjjj Cjl jjij lLi^I 

JjJa j^^C. lll^laJI (j>aS liSjaJj iAhjLW ei^ .^jj-a^l lillj jl ■ ii'lll Ll.i>o io^ilc- ©UaJl ^j^a 

l1i J I .-ill J (_}J1^I iJlAjJaj^^ ( inl^' 4 MI'S I?! I II « (jx AU\ .-IT II Ax j!-l'lfl\l (J^-^ 

(—ill jljj LoAic. JT in'uin t^i^l (_>uLuti.VI AaIxjj .b^jjjWj Ajj-> mllj ^Vlj «• (jjillj 

^^^JJJ 4 Jl!Lall (JjiJJ (_jJc. . ' / ■ 1^1 j^^jjj Aji-^iaJI A-o jJaiall Ajaiill |_gJc. 

(jx ^-oxJI Ailalo ^ jiVl i-iUll (,5*^ J • (>» S!3J^' Aiialo jJaJI Aj^lni l-iUj! 

■ /J - ^1 AjjlVl U^J -^LaJI (jx (JjiaUI Aiiilo ^ (jji-alll t-iUI ^j'''' J . j^^LaJl 

^aJC. t^LoJI JLill l^j tAj_u^»ll ClUj^.^iVI J AjtLaJI AlakJI j 4t_5jaill ^ jMtl\ XaC. 

.^LaJ Jl CjLajk^ aLUII OljLiVI JL-J A n .^^ll ^UlS/l Sjjia 

djLojlajll (J-aa. Jc sjjli JJC. Ajh .-it II i-sLilVl (JataJi '-fcjjiJ J l^joij AjiH 

- ■ '-^ ^ fLjac! (jx LaAjJC-j jjaLJI Jl ^La^JI ^j<a A^ja^xJl 

eJlUloiV AiltkxJI AjjjaJI Ajai.i%JI ^uiall JjSaJI J <^Jjia Jll jja?"'^' ^^flm' 
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j^Ljj^I All jj31j Ajj ju«T»ti LllLiaJjjijll (Jjl jj^^ j .-it 11 liiLiJI j CLiLu jjpHyi 

Acjj_^ Ajj JJP^j £ A ni AjJajj ^jc. ^Ull > 1 1t 11 (jj^ J .AijaC 

J CjULoVI ULsuJal Ailikx AjSj^ i_ajLla jj t jjajsLiU Ji^l J 4^,j^ ^-ajoJl 
AjSjaJI 2 -jU-.^ll ^ A^ ju^tII ClUiaJjxjl] A:i^U]l ^J^' (> J .^^LaJI JLllI j AJakJIj 

^J2 j ejtstijallj t^Unlll I .-I ill (JLill (_5 J <,S^^' J t_a jll ojUjjall jVl 

(cXjJjII j JjjII ^ ejlajjoill) Ajllall AAiIi j eii'ml j '^^1 (JL^l tS^>° <-S'^ ^ ' 

lillj (,5-^ dlUjjjJ^T^Ij dll jl^l ^jLlA Ai^)xx Ajj J'' ^-11 I'll . Ujj.'ll 

sjj^j&J K^l l^ijjluj Ui^ jjU-> II ^ILa jjj ^«i->ll AjL^j «'Lia.Vl ^ ^1 AiLial tdji-jajjxlljl 

.S^Aa^ Aj4jh J IjI^^ Clll j 

l1iIcjj_)a1I (jl . n I 111 1 11! (jjJijia. Qliia__>/0 A^ljt-al LJLa. Ajj j_l 1 fiT II (JjLjaJjxjll (J nr"! 1 n"! 
Ixilji. (jjOaij (jjill ^-ajoill oiT-liii'^ '-'j!^^ iAjJall CjbLuJl ^ LoLaJ Claljijj j_gj]l Ajx-axJl 

.A-hjLi ^unnill *UJ31 liSlLauJI J Ajk.1^1 CLlljJjuill jLjJ tXki ^ 4Aja.jUJI Ajli.-iirll jLjjVl 
ejLjjl ^1 (j-oa^)<aJl iJj_jjb<a3l gJlj" lT^^J ' - ■ ^1 ^ UJ^JJ^:^ L>* Ax_jJai*ll i— sltjj j 

(_f^^j .j»jaiaJI (Ji.lj Ac.jj_)^l ajj^-aJllI Jl .iliJI jiC o^j-all ojUSVI (J^ji^ (Jjojjjj csj-<iJ-» 

jiVl Ua.1 ja. ^ jjj ;_jLka! ^1 (Ja, y^^ji^ J^ ts^j jJl AtjjjJl 0 jj^j^l 

^ ^Uj^ (jjiLii (JjSaaJ Jni'iin Jsl jj c-iUa^l) AjaiLaJl Aju^tII (—iUf^l ^cJJ^jJ AjlkUl 
Ijjl;''"'- (^1 CjljUiyi ^LaJlll JT n'inijj .(A^-la-all jjc. cSJ^^' ejWl *lja.! j! (_ii^a*il 
Ajj jUi^tII .''l . --jj.-.H j^VI '11 ;jj;^'llj ''-J' ^11; (Jill ni't'yi Jlijja (.CA 1^1 L-iUal^l 
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t4j<<j<<i r-^""i diLjjju-a (j^lj-oj 5_iiLiAj J ;t i r^ll jiiJl jl .^jJ^t j) (_jJ3?^' 

(JiLoi (_jic. .Aillk-a AjSj^ t-ijUij lS^^ J o'-^ ' J^^J lSJ^^ ^ju.-ir, CiU jU.^il 

(JLill 111 . >ii ^ l-i'-Pj O^J^ AjLoaJI <jj jij-£i*JI OLk^jxjll (Jjl jl A^l jlS j 

(Jiij J U... AjjLjj^ ujLLa! Jljjj (JjUSU-o jl .(Ja.l£]| tdij^ ^Ijac 

> _ u r-<r. (jla^>i»ja 4(jJajVl (jc 1 ' It 4' jI ^Ja3l j! «.liaJI ^ (Jj-ajj (Jj-aS (jiiLoa ( inn^j Lajj^ 

J jjl jl jt ^ J .'^'^^1 sljjjl JJi (>j (peroneal nerve) jUJI 

cdijaJi lillLaui ^ jj>3l (sacral anterior root stimulator) cs jV*^l ^^l-S/l jiaJI o^'j^ 

fi^^^^Jl Jj]l ^jA *Li^^)^Jl Aiila^l ajLxHjuil <A j'l ^ ^ . ^* W i" \\ , ^^''\\\ \ ^ i ^ 

^liiJI Sjli \^'J\ ^^1) NeuroControl, Inc. a£ ^ 1^1 ^1 (1.5 J^l) i jjU ^LUll 

(jiaUajl AiJa J ail' ml ^_jic aju^ Jjll JJjaJi 4-a jlaio Jc-Loii .(1997 4jSjj-oV| ©IjjJtj 

i_aj^l CjlSja. ja.VI lJl^W (^Jc ^ jjJa ^ j-a ^jjiaJo Jj=>^J ^^.'"'^■^^^ l^jSj^ j Jjll A:i.l j 
^1 CjLajla-a]l (Sjs>^ CS^j ^•■'^'''''^l ojL^j cJ^JJ J 'ji^^ ajLoij ^1 ejJ*j-all 

dll^L^j j.li-^1 ^j^^jjel\ .^j^^^-ail ^._^^l (Jxjuijj L^*^*^ ^J:J*^^J 

jjajisll (_g ji I II <i jjil . \^ ^j^^La ^jlajjull IIa q\ J'^^q^a^I AjLoC ^jlaJ^pJil .^LuJIj 

4AJI (_5i4 (j^aiajjj (j^ajfill o jS j»Alic JSj jjill ^Sjaa]! J j-aaJI (j.0 C6 J C5 jjijajil 

(,5.155 (Ljijs La J C3 a jm3I) jSall .1 j.«JI ^jJI i^jl jSill <jL^I SJU. j 

jikLiJI ■ _ I ■ ^i-- (_pajj:ij] tj£«J cAjijiiUll , -^-W ^jc. jJall (jl.iaa Jl 

.(jiiiilll (_>:ajja:i3 4j_jLia]| ^.L^iiJI 4ijac. Lijjj jl Lu^j*^ (phrenic nerve) 
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CjljLjjl ^joiaJI Ji"^0 ci*^^ cl^JJj • J.^i .^11 .ll^ dlaJ iSji-'^J cl.''^"''"^.' 

^UA*^ (-jlkllj .jLiikVI (J^lj- SjIc-VI tlJIj Lo i-lljj^^l eiAj 




•NeuroControl Inc. ^£^1 t> ^jjll ^Llill jjII jjj^ 4-»j]iio :1.5 Jlufl 

Sadowsky CL, "Electrical stimulation in spinal cord injury", 
Neuro Rehabilitation, 2001, 16:165-9. 



(jji:iJI (_jl<i jlala ^-a AjxiL-all Ajj ji-aaJI CjLjaJjxjll AUS^ l_l=iJ I (integration) AIhI^aII 
^^L^\ A£jaJl sLaJ SJjI jlt J-ljVl 51al£la Cjl ni-> « j AiUa ,ylaJ 
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AlLa^ ^^yrtt W > t\'\\\ 6 jjl y'n Ajia-all ClL^LjaaJl ^1 (Jijijpj 

c>=y>« Ajjjij-axJl CiLiajjxjll (Xi-aj-oj t_Lij : (individualization) • 

I ^ ^--^ <S^jai J ^ ■ ^J'- Jj ejjij-a (^^>i-Vl Cjl-ia-all j 

(j! :(biocompatibility and protection) AjUaJlj t^jjaJl (jatjjJl • 

cjLjajj«jll Ji L_iaj : (mechanical compatibility) ^^I^iaII jaljjJ) • 

cjLjajj«j3l (jli lAjjjjj^l cjIJj^^I 2^ J jc : (interference) Jillill • 

•jjs "U^'* ^ JJ^^' ij^'-^ Aj-iajC. Ajj_jJj-a«JI 

A W nill Cllljjlj^ (jl ^jjS 16.5 J 14.5 ^jjIIjaII jjjjjjoij .ojjiiiLall 1^1 j^i (jjj oj^l 

, 4_ij jiA-axIl i " ^1 ■ ^ 

J tAj^LaiVl 4jjIjj^I 4iU=Jl J 41au^l AjlLaa.] ij}=LU J.l^1 IjiA 

4JLiJlj 4ja. jJl 4 K niU A^LaJl tjaj JiUajVI J Ajjl jA\ Ci^Aiui Jjlal ^ jjxj .4ii3 jill j jLiill 
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A^LutSri ^\1a 2.5 

AilikJl <iaui31 ^1 jjl Jja.J 4jajS JjlskJj 4-4jJilall Aiaui t_Luiaj iAJj^ sUl*i La jljc 

Ai^i 1.2.5 

dil^j tjj^j-)^^j uj^>^*^^ A-LwiLuil '"'^ ojLa]1 ^^j^jj 

Ajtiui J diU j3 4 T I III j^^c. 4j1 jj ^ y'*N Li!^Jji}^l J' ^jiij 4(J\iAll (JjJjlu (_ylc .ol jill 

Aiaui i^jLoij 4-1 ojjj^yi 4^ V^LuiVl Aja^l c^jLoij .(elementary charge) AJjVl 

4(jjjlii3l U . +1 Ajja.La.Vl JJ^^' 

AiajiSJI .coulomb (C) jj^ j^l ^ ajjLj^^II Aj^Jill 4jaLijjll Sia. jJI jl 

lilLo: Aaxj^jm 2 Ua'i jjc. (3^J1JJ AjjLij^l <iaJill Aj-a£ 4jLj jjl j^l [tl] jA 

^1 jll (jjljill jji jLucI J Ail Vj 'JJfa! 1 jLull Sij ^jjSj La^ j <ulj J^jLi. 

^1 jll jjlj^l 4cSJ^^ -UiJ^ A^La.! Ajaui 6.24X10'^ C^jLall 

+1.602x10"'' uiijjJI cJjLu:; 4jjllall .jiijjj J oJJ^ 6.24x10'** t> 
cJu^ 1.5 Jj^l -ujij^ -1.602x10"'' ujJ^^ 'uj^jS 

.4 Uiil iiiVt ^ ' ll - 1 . ..^ H 
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.^UiSfl CiLuutaJI (j^Uoi :1.5 Jj>i»JI 







jc) Aliifl 




-1.602x10"" 


-1 


9.11x10"'' 




+1.602x10"" 


+ 1 


1.67x10"'' 




0 


0 


1.67x10"'" 





2.2.5 

jLlali i^jju (^131 (electric current) j^Wj*^' ^-^1 J^V ^J^Wj*^' 

;=^=« (1-2.5) 

at 

jjiaVl (^J^!J -C/s lsjI-u (ampere A) s^jj sjIc (^Uj^I 

.AiaUll SjLJI (> aLSj ujj5S3j 6.24x10'^ ^1 jll 

Ljajf lii^jajG (jl 5j]LuJlj djljjjVl (jl .AjjIjj^£3I till jWl ^Aal^j (Jji^'l (jJ^ 

Llilj_j^ Li^ja. 4jKll {.Lie. ^)jc. t4 1^ Mill jjl^l tliLjjjl (_3^-ijj Mill 

' ' «1 . "ti ^ ^ J ■ L_lj£j^l «.Lli1 (Jillllj .AjliJaxIl J 2 J., ^m\\ ^ ^Luutil 

(J^l SLual] 1^ jkJl Jajoi jll JJC (llllj jjillyi) AJLall Cil I'. Mill J ((jia. jjJJ^I CjU jj!) 

t^Jalj ajLa (j.AiJa A 'i'. .till aJLji CjLj jjVI jI jjj^VI Li.lic. j .Ajjx-o <Iaij _>JC. (j-ajll 

Aj^j-u CjUjj'VI jI CljljjJj^)JI lil^pjj LaAic. J .jIjjII sLsjV lilLa-o I ^"'^ (jS-^i oLajl 
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^Lj^l JjSaJlj CXS^jS. CiJ^ 3.2.5 

electrostatic ) AjSLaijj^l s jill CulS jj oliauill ol jUij djUa^lj aJLoJI 

Ajo^Lxlall CjI I', .nil J 4 jsLiij 4^LiiJ| cjUa^U tAjjsLij j! 4jcli]| (forcc 

F„ = '^4 (2-2.5) 

Ajjaliill uji\ J jA Ui j*JI J . 9.0x10' (N.m^)/C^ c?J^! A: Ci^Wi j t jpa^l 
ij^jj .ajjLjj^I Aiauill ^jjjj jjLi Aiku jA (clectric field) ^Uj^t JSaJI (jj 

.^SUall J J^U Ljiit Jaijjj 4 I'. Mill (jU cAiUall j JxaJLj IiJJJJ S jSll Jlj jslLj JaJJJJ 

AiliaJI 4.2.5 

4iUa (jAjJaJJj 4jMij)-i'lT nil J (J jaaJU 4^iijuJaji-oj^)^^l 4iUall jjjpSJ j .AjuijU'lT n 

j-a^Vl s jjJaWj k±nJ\\ AjLiiVl J Ajjjluill ^1 j^Vl J Lolt ^1 jJij AjjjjI jll ^1 j-aVl 

AjjLjj^I AiUall ;_aLij.^l t_llj^l I^A V J .j^auoijJI Jji (. i^J^\ «■ _J^I J 

.ajjUj^I aSUJI ^Ujj Ua V^Ac ;3liaj j^l j^Uj^l uj-^l ^■-S'-"' (Jj icSUj 
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2LL»IUI 4iLUI J ^IJaJI (^-ixii j JSa. XA\jLi 4iUa t^llloJ 

^) t3jLull Uji .(electric potential) ^JLj^l l)>4^I <LLuuj tSjc 

y . J_jJI J a1£\\ ^ jSJ V^ji^ l^ljjij- W^lil ^ ^ ^Wi^rtnW (4 J 3 J 1 J_J*^I 

SiUall jjij jl 4 ^ (jjjjLj (jjj (jjj (J jill (v) Ajj] jilL ^ ■ 

. joule/C— J (volt V) cJjill ^y, 1 jLSlil Aiiljillj (jj^l jja 

AiLkll jlj -t^*^^ ^liij ^1 Vn.iM 2q^I£1I ^LiUJi cjLa,Lj2 J jki 

^.joiaJI A£ja. diia. t^UijVI (JjU ^ J-Ujll jJ^ ^xsa! ^Uall ^1 jjf ^1 

.^Ljj^I AiUall ^j^iJ <jL1<i ^j^h^W liAj .AiUall (>i ji.T ^ _jj (_jJj Aj-<il£]l ^SUall 

(jjj (jjill |_jlc. IIa (_5jJajjj ijia-o J^lC o^ilc. Ajoljill 

(electrical potentiel ^liJI ^UaJI ^J^j .lili^ J ajLj^ ^LL 

:_j sj energy) 

£^=<?v (3-2.5) 

joule (J) Jj=JI ^ AxiUill ^liJI djl^jj .[L^Mt"^] jA 

jA Jj Ulk. 2Uilja 3-2.5 AijUJl <iiJjs31 J iis^V .kW-hr acL. ialjjLSllj 

^,^Ja]| i_uS j^l f Uj! ^Ujjjilyi (jJajjaj 1.5 JUalt 
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AiLaJl I rill t_y£jjll Ajlac c-UjI ^ J (jiajjal .LiJjjJa !>lc.lij Ij-iajl 

liA ^1 aSLUI L. .-l.OV J] +0.5 V 

l^Wj ^1 Ajau^l (jl AiLkll (_iU^ 3-2.5 Ju^\ (j£«J :JaJt 

(jjji^yi (^U. jjj jjs31 j& Ua (.LuaVI uj^' 6Jj '2JLa. jjjjiWI 

) 6 jll«JI jjc. J (ex ) e 

^£ =qv =q(v,, -v„„) 

= (-1.602x10-'' C)(-1.0V-0.5V) = 2.403xlO-'' J 

^1 (2Lii]ja]l) SLicjill 2Ll«11]1 aSUJIj jUill <L (E ^) AjjLjj^I ^iiyi Jo*- 

4=/v (4-2.5) 

.ial jll clll jl.l3l Jjkj AlutlaiJt jLaJl ^Ukill eAa. j J^lj t(pOWer) 

jabuJI I mo 2.5 

1200 ^Ip Acl U'u«\ j1 SjJa ji j»j.ill t n jiC jAi A It I nil jl.ll<i jA La :3jLuLa 

?(_jjlaj (jjiAa. o.lJ Ij] j2 120 U jl^ 4jdl jij JajUj iaij 

:^Uj^l jUll t^Lo^ 4-2.5 M:" J5 

V 120V s 

•ujl 3000 (^}il!i 300) ti^lSj ^ 
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(■ijj^ lilllaj . m «-L« f-(jj=- -{2.5 (J^l) aJj^Ij (jjj 4jL!all ^ jJijI 

/j ^lijjl (_1 jjjVl jS . m iS ^^Ij^ (JS-^ Joji-o uj jjjVl JJC i^jaJJ jJI *LaJI 

(jx S^j ii/illll ASiyi L-lLoia. ' •■•'< 'J tj^lSiJl ^jLuiJl Cjjlj J flT-iiiiUj (Jj2 

^Ijll (jjj^^^^' '^^^ '''ij'i 4 jjjpSlyi ,_5ic. JjU'ill liA (jjjU'i ljj£-oJ t4jLiix jaj ,_jJc. J 

<L»l£Jl ^Lkll L-lLora. jill JLaxloiLij .Ailljill ji ^Lj^l (jjxill ^jjS jA ^^Ijj^I 

Alallll AiUall (Jia-o (jjLia j^Ai t^Lall t-i^j^ j'jC- J •(^'g = V ) Sia. j] AjjLjj^I 




J jLiill iJjlL m oUll jjajj Ji«^ 



:2.5 tji^l 



JUiljslI Jjlii gAA (^ISII (jj^l 
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ijli V <jaL^I <i=^l (jj ^1 ^ LjIj i^i^'" 2uSLal\ Sja-iJI jl 

(^LaJJ (^^Aaa^ I'lmjl ^jlLuillj ^JSi^l lllUaoill ((^J^l Si^^ (>° -UJ^' ^ jlalall ^ 
iLajli aJU^I 4jaui31 JiUajl ^ j .^JjiJI jl 5-»J^i4ll ^ LfSSl^luil ji LfLjSj 

^w)^J ^.^^^IaII I - <1 . «ti (J^^ .3.5 (J^-ijill a -jUi-l^ i^^J' '"j' j>-"J 
^1 jpj ^! > ' ll "it Hill (4^ jh'inll (JAiJa i ' ll W nill liPl (j'lnil j ■llljp (Ji 'i'>JJ •'^ ^ 

AJLyJI J 4ia.JtII ^Jl jA 1.3.5 

:2-4.2 <-aUll AjjfaJI ^jj 

"I'm - ^out + ^s.n - ^.ons = ^ .cc (1 " 3-5) 
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^ Ij^l Jj J l^£!)>^'uiil J UajI ( jt^l) 4£j:». jSta-a] ^^j'"- _jj :4.5 (J^t 

Z^.,. -Z-?.. +'?.,ee„ -^.,co„s =^:'^ = w> (2-3.5) 
E^-,;^ -Z^-,; +^-,gen -^-,co„s =^!!; -^!!(; ^ (3-3.5) 

it 

4 1'. .'Ml jl^ jA q^^^^ J jiiiall ^ A£l^iLu-a]l jl j^l Aja^l jl^ jA q+^^^^ J 

. [tl] jJoLLoill JiiijU-all al Ut nil JjJaJI ^ Lai jhlnll 

• 1 ■ q J Ajsc JJJJtjll (j^-oJ (^^1 i jLiill (Jj^! J ^jiai-all (J!^, (jSJCi 

Z^.,.-Z^.J+^.,gen-?.,co„s=-^ (4-3.5) 

Z^-,.-Z^-,;+?-,gen-?-,co„s=-^ :<JLJl<^t (5-3.5) 

t i (it 
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dq^^ /dt J 4A-ojiilall iJLiJI J AiaJill (Jjia-o jA J tA-ojJiiall 

(jjlll i^Lj^llI jl0 (j! jja. ^ J .4^ jialall ^ <Ja. jl <jlLaJl SjaJill ^1 JJ L&a-a jA 

jj] jj t 'n,^ j\ jjt Ajla toJiLoll ULij jijXa t JiU ^ a \^ , nil jjai Jj*^ t-ijaj 

h^'l^J 1^ f_yiA J iCS!Xc.\Ju I f-ij 4 Mill u^jj'liiilj -^JP L^-^ uj • '"^^ >il!^(j"'lnilj 

(jjdJiaJ ^^ fjVxh C^jiit i-iLiiaJl CjVU. Aiajill jji aIAxxI AjUK'fl 

" k " j " 

-{''4^ co^dt = f ^^dt I'^jA 'A^\ (6 - 3.5) 

Jfo ' ^'0 dt 

0 J 0 J- 0 

oonsdt = { (7 - 3.5) 

.[tl] jjSLLJI 

^1^1 ^Lboill ^liaJt 2.3.5 

^ AjJLiill 5 -.^ X\\ Ala Jjla^ <^ AiaJill jl.^ l^L q AjsL^I AlaJill i_sjjiJ 
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q=q,-q. (8-3.5) 

IAjsL^I 4 1^ Mill jjlij^l AjLbliill J AjjiaJI jilljLxJI t> Uilxu liA J 

"Z^i +^gen -^cons ^ ^7' ' (9-3.5) 
* j 

Z^"*-E^+^gen-^co„s=^ (10-3.5) 

k J 

j! ^ Cif^'"^ ' " L)^ (3^ tl^ iiiVl .-^11^'...' j1 OJ^ '^-^^ J 4 '.^ .t jf 4^ 



iLi JiLall aJj^ (jL^ iAjklijJl jkuJl .aJjIII JiUajlj ^Liauill JiUajl 'uLia ^ Jib 

j^gic (_^j^taj (j! AjjLloj^I oAA 4jjl 5JjIj«_<i1 . JjijJ (jl (_gjl J af^ (_>ui?J 

.4jjIj jhiall 4jK11 aJj^I J Vj .lil!!^! j 

(Julia.! (jjjSjJ ly^ljoj^ (Jcliiii j1 i-^Kffl (j1 LjjLjj^ eAjLa-all (j^iUaiSU (jS-oJ 44jLji.o (.j^J 
Jj3_P ,_jJc. (^_paJj (j! <JLJIj 4^jjJl ujLiauill 4j <JljV.iL«-a3 U^-«JJ .^jaui/i 

jiliajVI aJjU-o JLutioil (jLaJ li] t4jjlj 4jaL<a]| 4-0 jkiJl 4iajii jjl VI tiiW^iuil j 



jl il 49-3.5 4j±n^ t^'^j jajjuiii (j^ 4jaL^l 4 -.^ .^,11 .^lNjj'....l J (jll^l ^.Ic (jLoJ 

4j^l I «-ill 4 Mill (J*^ t4jjl \ \'\t\ 4^j!-i'inll ^ s.ilj^Lall 4j3ljaJI j 4ja._j<4Jl i ' il uiH jjj^ jjt J^J 

4_o jiilall ^ jlall 

?gen=?+,ge„-?-,gen=0 (11-3.5) 
4 W nlll (J*^ tAjjl \ \\\t\ 4^jl-l"l<<ll 4^1^'inl<llt 4j1LliJI J 4ja._j-a31 > ' ll W nlll (jj^ (j1 S-iJ^ JJ 

• 1 , u. J 1 ja, 2 . jU.;..H ^ a<l ^'.,„..l l 2 <al . 

?cons =?+,cons "^-.cons = ^ (12-3.5) 
:4jaL^I 4iajil3 9-3.5 4jjUiJl ^' tSUi ibjj 
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E?.-Z?y=?r-?r (13-3.5) 

k j 



All _^ Jia-a jU 111 .Ljiil h^'. in ^L^l 4 "i^ 1 nil ^jli t<liiaa.a ^jsL^I A \^ nill ^jl LaJj 

l^gic Ajoiij l3.'^""J •^^-<>^) I'll W ^ j3 (J^ju ^jLuiJ A^jlaxall ^ A^jxll ' ' il ■ «H 

^ge„=^.,ge„-^-,ge„=0 (14-3.5) 
^cons=^.,cons-^-,co„s=0 (15-3.5) 

•2 i M , ialiajV AjLjaliiill 3 1 l it il l ^Auai li] 

Z^-.-Z'".=^ (16-3.5) 
•Sji l , 2 .'r.H U l "i Nf <iLil£j]l ^jj-ojj 
j' E^-.^^ - f' Hi.dt = r ^dt (17-3.5) 

AjjLj^li) AiUail ^ AAA.] >9 4.5 

4iUall aJjiU-o jj^i.n t^Uq^ill IIa (jij .aAuIIiJI 4iLkll Ajjl j^j 2aKll Aiiyi JilLiJl J 

t JjI ninll ' I^A (Ja. JflT'iin'l V AjjLjj^SII ^Lkll ^JjUt-al <!Jf?JI AAjj-^jII 

.LiA l^Jaj I^J 

Jja.J CjV'^ ^ J^'j <-1^.^' ^'j^ <-^^ -4.5 J^t 4^ AjjfiA ^ jlijl 
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j\ J In! nil 5jjlj^>^ AILL SjLc Jjjj j .A-ajialall ^)JC. 4jjijaL<i ojLa ijSJjJ Lall^ 

^ 1^1 J J UaiI jj j AjjIjj^I AaUall aJ\jl1\ 4j jl ^1 SJjU^ L_lixjj 

^ _^ +^ _^ =r_L n-45) 

^ in ^ out ^ ^ gen ^ cons ^•''^ 

-Z^.,, =^ (2-4.5) 

k j "t 

k 

cA Jlaljlj A^jiilall (jx <^jLk]l AjjIjj^I AaUall jA ^-Eg j J 

j 

.A-ajJiia]| AjjIjj^I AiLUI j!la-<i jA dE^^/dt J 4<-a_j]ii<JI ^ AjjLjj^I AiUall 

.Ajoiij jl Ac-LkLoiVI 

(_Ja^) jUj (j£jji ^_jJc. Aji_jialall .IjA^ ^JJC. Ijio C-*^ ^J)^'''^^ (^1 AiUall (J^Ju 

lAiiVI Ai^L 2-4.5 tjL<i I jlj ^(4-2.5 

Z'-.^. -I'-/. +ZG,,,-XW^e>ec =^ (3-4.5) 

k j 

AjjLia£1I AiUall AjjLkJI tiUi AiLoi ^j/i j tAjjLjj^ AlUa till Jj^^l jj* jiiS .Jjj 

Jjil tjLij ^ h j^jja. pLaJI (jjijjijj .Ajjl^)ik.j^)^£ll AJaa-all jA (Jlj-oj .AjjUj^ AsUa 
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^jjS ^jjj ja. 4^ (jiiLia ^ t_ljC. jaII ^jl£<JI ^jJajJj 'Aj*:?. 

(jjS (Jiilialj (^Wj*^ ti^-^ -^J^^l UJ^' tij^ CS-^JjJ t^Wj*^ 

. jLull (jsjj ^ jlii ^j...^ ^ J ^(resistance) 

AjjUj^I AStyi ^1 J5 J AjjUj^I Jij3 j^VI J:i*JI (> ^1 Jill 

(Ja. J2>.l (j/i (^l-^' i_a^ 
(_ajaj Ajj JJP^I Cj| jj^jsj ^ AjjUj^^II iaUall jji. 

jjkj .(inductor) aj^j^jII ^JLijllj (capacitor) 
.8.5 ^J^i^l ^ Wi^Uijj 

*2 <3lill Aj^l^^ ^J^lx-al <jLoI£j11 \ . ^\ \ ^ fflff*'uh n '^j-o^l (j-o ^jillx^iia 

-j::z'^...'*=j::'?* (4-4.5) 



443 



.[L'Mr^]jA 

jL2Il Li^^jjS OjjIS 5.5 

16-3.5 AJjiU-all C6 jaLaul 2iJU. ^ 

S'i"Z^=0 (1-5.5) 

4j.iL«-a]l i_aj*j .^jaJI ''jV^ ts^j 7 cy-^' J^AiJ '<J=^-^' ^'j^ CS^j J^A) ^ J:}^-^' uj ''"'J^ 
La eJac (_gJl sJjl jJt dil jUilt ^ jjl ^_jlc. (><ajj (^ill J^iill i— i jJjjjJ^ UJ^^ 1—5.5 

Acjh «^«ilt AjjLjj^I LllK inill jLiill <— i JJ^JJ^ UJ^'^ (JJiWi j^-oJ lilj tAJaUll ejLaJ) 

ejb AJaii ^jAj ^(node) SjSfr Jja. 4-0 jhlnll LJjaj 4(_ajjjjjS (jjjla (JJfiaJ 

^ jfl-^ (_5 jLjJJ J^I J-i^ o.la*JI j.iL«j liSli .iajj 44j.ilj«-a3l ^ (Ja..lll Jjia. e.:a*JI 

l^jjil (jajjj iiJJ^ Cj|jlj*J .IjL^ A:a.jUJIj S.la*il ^1 AikWl CjljUill ^Jn->1 (^JfaJl 

CjljLuil (^J^ ^-^t LJ^ cr^ (-j>uijjS 

.(1-5.5 J'^ I ill!) t5^^ J -^'j cJ^-^ t>« AjjLo 6jb .JiS! j! JjI jxji 

LiiJ^' ^><^ C5J^! s-^ •(s-i~5.5 J^l) jJJ^J -^'j «-^J 

4Jj£3l (jS^Cj ^ i^J^ ^ '-'^ '(^4 ) lI^-^I (i'c -5 ) ^J^' 

.(m^ ) tJ^^I ^1 ti^jfi J:^*^ (m^ j ) c^jU ^ 
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JiJ olj Sjj :i-5.5 Ji-iH 

jkiJI jjj^ ary 



<*^J :6.5 (JiwJI 




«1 +'2-^3-^4=0 

■ .(jLJLai ^j^l lSJ^ 3 J '<jW-j-» l1=^>^' t^J^ <j' -ia^V 

7.5 (JS^I ^)^JaJj .LhjIj Ijliiilnn jjj]j.L^j^ (jUjSj La^li tiasa eJ^lj s.iSc. ^ ^jAjj^ja 

.7.5 J^l = = .liW^Vl 4^ mr* J^' t?^] 
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^ / .Uc jsj <1 v> t^W^' :8.5 Ji^l 



^Jjj-ajx 4j 3 J 2 liiXoiVl (jli (8.5 (J^l 4^ -cij^^ »J-^' t -'-'^ <-5^ ^ ^u'> Ajjlii 
.AjjjI^ (jx (JS jiic. oJ^UU J. liS^ijoiVl oIa (j! ii^V .Litjij 

^ ^ j'r!^' CS^j W^^>^ ^ _jj-aj-a]l liCiLLu'VI (_5ic. jljjll i— a_^jj£ U->^^ (jji^'i J:f*%J 

ii = /2 + +^4 '8.5 J^l S JJ .Utjij liJX^Vl Ujs :>a*JI 

4j 3j 2 ^ jjall SjU) cjl jLiill SA^ jl .B s^l i^+i^+i^ = j s^l 
t4!L5\jll ^jjsll (_^jLaulLj jLull lilj .5 J 1 (jjlLJI ^ aJjLAil Cy 

.jjaHll j> jLull jl*ioj ^LLijl J s jai ^Jc (open circuit) AajjIaJI SjIjJI ijJ^j 
.aJ (closed circuit) SjIjJI ^^i (ja^ull jUll '» J^^l 

sAA jjj (j^ J .<]jIx-<i n jLiili i-j >>^Ji^ <j>^'^ (jj.iW'i (_j-lacl tS-^ac. /I ,_^ic. SjIj Ijj 

9.5 (JSjiill (IfcJiiJ jh'^flll (J^.^ CjI jLiil A \ <il ni aIAjlm (j^l tAcjfl-^ n\\ 

<!ii«S/l J .O.V'iir «j <iajjaij CiilAjjjj (_jic. j"'^"' dl jIj (j-o AjjiaJI AjiUI (JJiLlslI "~ j^^-l 
I'll 111^ nil CLll jj^^ 4 nil ^IjjVl nl I .-i"! ^ Aa. jj fj\ ij^MJ A lijml AjjVI 

.4jjjj5Sr^( AjjjaJl 2j_.Ul (j^LiSlI (Jjl jij 
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Lij .Cj B J A ^ ii3!ijai! Aik-o sjji 1-10.5 :3jLuu> 

= 1613 . i\ = 6.0 A, = 2.5 A, i, = 1.0 A ^jj*- cj| jUUl ^ 

jLull eUjI jjc. .7j 5j 2j 1 lilXuiU (cj j^j^ UJ^^) Ajauill JiliaJV AjLalijll 

Aijlsi-aJl ijjja. .B (>o LjJaLiic.1 ijlajjaj lil 4i_i jj«-<i JJC. 5 lilLull 

-10.5 Ai»L3ill 

Z1+Z2-Z5-Z7 =0 

JJC .(2; 'Cj-10.5 J^I) t^J^l 4> aJjU- jLiil] Ui^ijjS jjjll ^^^j 
^\ 'I ^j'- IjU .V.l UL^I (_HaJisj lil 4 jjijjsi-a jJC. 6j 4 ^jj^Lill ^ (jJjLuil c?*'^' c) 

/j + Z2 -/j = 0 :A 

Z4+Z6-Z5=0 :B 

i^-i^-i^=0 :C 
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jifr 1^ J li&Lu! ^juu ^ji ii&M i Jj :!-10.5 




/j+/2-«3-«4 =6.0A+2.5A-/3-16/3 =0 
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17 8.5 A 

/3 =0.5A 

1^=16/3 =8.0 A 

U^jl i^ySXjuA] eUliVI (ja^! 4 ^1 J buJ liJa Jia) jl .B S^l J] A 

.J4 = -8.0A J 

Z^) (jjj^ja-o (j-ajJaS B J jJ2>. (/g ) (j ^ ' ^in l^V C s^iSaJI (J^ (j^'j 

«3-«6-«7 = 0-5A-j6-1.0A = 0 
/6 = -0.5A 

.C s^l ^1 B 

.5 t^SU3l jLu tjLiiaJ UaUJI S-ajkiJI SJjU-a J B ejUl JLaloil ^jVI ' -J 

r^cjjj B eJaaJl 3Jjlsi-4 (jiaJjstjlUj 

«4+«6-«5 =8-0A-0.5A-j5 =0 
/5=7.5A 

.B sjUI t> ^ja^ 7.5 A Ajii jjjj IjU tjl (_^! 

jjL» S jIj ^ jLiill (J>ijjS CijSl (Jjjki 5.5 

B J A) :iSc ilLilj J (liiXoi!) 4tu,i Aili-a Sjlji t_^i3l 4.5 '■^ :3Jluu> 

ejb (jJJ^ J^l [>i ^ 4 dlLoill (j! JJC. tig <-» jialall 1-1 1.5 Jl.Lill J^iil . (C J 

eii J cjUUjI . = 6.0 A, = 2.5 A, = 1.0 A jl*- ^Vl CjI jLiill j .a.^jjLi 

.aJj,;-^ nil dlljUjll 



449 




jSe J (ifcUi I^jS ft jb :i-11.5 Ji*^) 



Bj A (JiJ SJj itj -11.5 

4J-II.5 J^l J jjc. 4 t«SUll (jkj sjU jjc. (jjljUll (jaJSj .4 lilLJI 

-/3=0 :A 
-i^=0 :B 

■^"7=0 =c 

/i+j2-/3 =6.0A+2.5A-/3 =0 
1-3= 8.5 A 

^'s-^'e-'"? = 8-5A-jg-1.0 A = 0 
/,=7.5A 

.B j> ^ 5 iilUI jLiill J ' is = jg = 7.5 A iji 
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.ULUtI CjI jUll CjUUjI l^ja cj/A ^1 12.5 J^l AinJI S JJ jiul :AJIu«> 

.aJ ijlil jLull ^j^-^ ' _ 'I ■ ^ c^jj jLiiU (Jjjl^ !)1 <it""i III <i cliV-^i*^ A 1 1 111 I II i—u^l 

(jx I^^Aa^ I jl^iLo jI^jaLjU '•-'Ojo' <^ J ''SS^^ jLij Aj^ylj A Ij^ I nMI si* .1^ jJ 

^lia CjIjLij ^j"-^ -' (_^jLajJj .(6.5 ^iaiall ^>^') ^ (! /"^ (! ' UH Ajjljill |jE. ^iaij jLjjll 

V .^i:5L.Vl A-jli- ^ULu^ ^ J^l .1^=4 A, /5=-6A, /3 = ^A, Ji=-4A 
Nilsson JW and Riedel :(> ^joojLi) jllLill ^^ialaii dya. UK-!. A\ jSj- JL^I jj 

.(SA, Electric Circuits, 2001 



B 




'p+'e+'« =9A 

ip+iQ=5A :^\^\ 
i^-i^=2K :A 
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-i^+ip +iQ =0 :B 





1 


0 


0" 






'5' 


0 


0 


1 


-1 






2 


1 


1 


-1 


0 






0 


0 


-1 


0 


1 


u 




0 



»A = [110 0;0 01 -1;1 1-10; 0-1 01]; 
»y=[5;2; 0; 0]; 

»x =A\y 

(JiJI (> jiilll ./^ =2 A, =3 A, ^2 = 5 A, - 3 A : ja J jaJI j 



^jftll oj^ 6.5 



dt 



(1-6.5) 



(j* (jj^ jLoui ^ (loop) AilaJl .(13.5 cK^I) J Ailaj Aak-a SU,..^ (.^ij 

AjoiSj l^l^l ^ j-a jA AilaJI dljjjl ^j^j .LjLaiiuij <1 _jj-aj-a]l Ajjlj^)^.^! 'it 11 jj^ Ac « 

<xi jialall .iji^ i-jj*J J .oii.l J sj-a j' ^ jLoi-all liA ja^ Vj .ojIjJI 

ajShiiinll A-o J hull J .A-o J hi nil J J.i^ ^>JC. jLlJ V I'n^ i 6jl.l3l (Jj^ ij.laJ 

•iA 1~6.5 aJjUJI Jjiij ;AjjIjj^I aSLLU ^jLkxj (Ji.l.i» ij-^i V ^^1 
ZG,,,-XWe,^=0 (2-6.5) 
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.i^.^juji ^j^j (JiJ (Jill jLij 



Alli^ sjj :13.5 Ji*ifl 
^jxn s.i^l J 4il^ (j* (jj^ 




^Lj^i ^Ua ^1 j^lkil 1.6.5 

J^' J U>»^J ^ (jj^ U:>^ tij^' 



Jaijj j-L^iic. :14.5 Jitill 



<j]Llu1I sjUiVI ci^xloG .14.5 (J^j^ill cs^J^ 2a'U^\l jjli jjij ^ 
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L^jUt\ ^J] (1 —J 4JI jLlall) cJLJI cjjkJl (> jUJI ^33^ jj^j 2Lii3jal| (_i jJa 

liA J . J..-iWll liA 4iol£3l ASLLII Jlljljj t jj-aitJl IIa (j^ (2 J jLlall) L_La. j^l 

Z<^elec='2V2-'lVl (3-6.5) 

3~6.5 4j.iL«_a]| Jjj^' liiS-oJ lilj C?J^ i'l U' 'j'ri^ i^jjj; jj£ (jjjla JLaajjoiLj 

Zg,^^=^\(v2-Vi) = ^>. (4-6.5) 

J I "it 11 ^)JC. jLall jIjjII (j i ""'J'^ J • J'^'i"!! ^ jia jjJJ AjILaJI jill jA V ^ (jj t ' 

.cjUjJlj 4 (piezoelectric) Ajiaijjajj^l 

^.lajjj .ejlj jiJI |^ji<i _><ij l~15.5 (JSjill J(S ^Jj "(j "'J.' (_33.ii^l j'r!^' Cfi" ^>^^1 

.sjl.ill ajfinin AjjIj - 4iiJ jS jS jj Ajlllall jill ^JlaJ bile, (e ji-Jull) ^JjUajll 

jiajll ^iaiJ jLilll (>« I jl.il<i Clilj (_jic. ^ J=>J ~ j;^ 7-'' jA ^^UaII jljjlt Jjla Lol j 

^liLa jLu ^Jlo j_jlc. J JJ*il 1 .1^ > JT I q\ ^J'i I ■-! . l^ja^jla jjjj <Jj3 jjll jjC. 

^Jla ^jj jJjSlVI CjUjLaJl (j.a Ac j-aa^ jj ^li<JI oiA tjJjSi jl-oJ <j1 lAjiJjiall 

^jIa ^jjj .4 m <i e.Lj jLii 

j^JaJj .AjSjia (_jlc. AijiaJI Aiil jslU jLiill cU-al^ L?J^ L&«-»J ^^J*^ ^^-^ J^d^l 

.s jb jLull >> J s-i-15.5 J^l 
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jLull ^jla :(-i~15.5 Ji*ifl 



- oa^! (^'^J*^ :16.5 jS-iD 



-j'l'v"' aJUJI ajoIjsII t> jLijII ajs 

^4, 4 - - 



A^Lj^ AiUa ^i^t ^.^xJt :AajLj4l^l ^jlLJI 2.6.5 

<_a^)ii3l (jA jLi^l lS^-^ lW^ -16.5 (J^J^I 1^ lW^^I J I .-I "it 11 JJC AjjIjsII jaij _^)Jajl 

i jy^nW liA j> (4 _? aJI jLiJI) i-JLJI (3 _j <A\ jLiJl) <_±?. jJl 

-Z^e.ec='-4V4-'-3V3 (5-6.5) 

+IW,,^=i,(v,-v,) = i,v, (6-6.5) 
.(resistance) ^jll»3l ja (.IjUj jjp^I ^jjWj*^' 

ejLJ) ^)JC jLiiSI Oi^J '^i '"b^ J^d?^' (3^.^ ^ 4-ojlLo ^^.a^ t:?'^ 

(JaJjJj ASLL J£j2j (_jlc. .IAjS jlLa AjjUj^ ^iUa i^Uj;'!..!' Lajj^j .1^ AjjUj^ 

jjC. ^y^^uc 4_a jlLJI (jV tA^ jllall (-) (J^aii-Ull (jjxill J] (+) ^^LxJI jj-aill jj-a A l'. .'nil 

(^JLJI j»LkiJI ^ jlLJl .R jli<JI J.a j 17.5 j^J^j .(passivc) JL»a 

. [L'Mt"'r'] jA U^j . V/A tjil^ (^ill (ohm Q) ^jVl 
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>j :17.5 Ji*ifl 



(J J c(resistivity p) ajc jill l^jlla ^ sjUJI ajjx-o 2. us 3^ jila 

R=^ (7-6.5) 
A 

aj^ dl^lA jj^ J .^^Ljajxil 1^-^°- A^Lou A j ^ jlLsIl s^^UI Ajilai Jjla jA / dli^ 

^ ^' -J« ^jLuij S^l^j A^jlLa lil jlui ^18.5 ij^^uill^ I ■ ■ "'■ Uu Aj^^juajxll dlLajlLall lilluU 

^,q=i?i+i?2+--- + ^„ (8-6.5) 
(j! j]| (jx .l^ii_<i (J^ CjUjlLall ^AA2>. J jxial yl^-o ajWI J jJtiaJ ' i?gff ^Jfrli^l 

iffiUil (19.5 Ji^l) Lit jij ^1 CjLajliJI ^ j.i*J ajsUJI 4-a jUJI JS^ j 

111 1 /n z:c^ 

= — + — +••• + — (9-6.5) 

ajsISaII 4-ajlLJI jli ijlilll tjalil o.:.:ala CjljLox ja_p Ajcjilll 2 1 ;< .'r.ll 1 jJijj 

^JaLJ) 4:i.LjiA s-^Ljj LltJ^ <-ajlLi 3iljJajj .<LSj^l ^ 4_ajlLa jju-al (j/i J3lj.^l Lajlj 

(JjLajHall Jl Jiklj djLa jlLall ^'<Mj<.y. Uj.. .4^ jlLJI eJlLa AjJail ^Llajxil 

.1^ jLall jUllj 2LjHl<Jl ^Lajliall ^ A^kJI ^Lul^jiJl ^Jjj 2L£iUJI 20.5 J^l Jt^, 

: (Ohm's law) j»J ^jkiJI ^S^Ul eiA j 
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iR 



(10-6.5) 



tjtl«jli« :18.5 Jl>ii) 



.AjjUaJ ^ Uc jiij tjliajlLa :19.5 (JiwJI 



ujj^ ( ^->j ' ^ jp ("-ij :20.5 (Ji«J) 

=jxJi . jUll J Aiiljall jjj ^jkkJI :<2)UJI 



^jIjJja!^ lJi,^jj£ (^xS^ AmIUaj ^Ij^luit 3.6.5 

4iUa jjx uilbu ^1 18.5 <4f^' »J-^' C5^j .AjsL^I Sjauill iiliajl 

aJL^ ^ 4-a_jiaia3l (jl .Ia^)JC JJ^><JI jLu ^ioJ djJa-Jj (l^K 6jl.llU ^j^' 

ZG,lec-ZW^elec=0 (11-6.5) 

'■^batt-'^A-'^i* =0 (12-6.5) 
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lil 4ASkJl Jjia (_ylc dulj jLiiJl jLull jjjlS (jx ^ Lii! liSli i-aL;^ 

Vbatt-v.-v.=0 (13-6.5) 

(IiUajj^ l5J^I g^>aA^I (^1 ^jiU iji jj£ ^IjiUlJI oliti 

JLilU Aiiljsll i_i jiijjS ' _ tLa j-at j .IjL^ (^jluU AilLa AiK ^ AjjJ jil) 

Sv,_„,=0 (14-6.5) 

loop 

^3ii-<l jLoui ^ (loop) <fikJlj 4lj.^lj2j j.L^ljx]l Aiil jill ia jjA (JL<u V gj^jj^^j^jj, (j] ^''l.;'. 

l^jjj (jx '^ji aJjU-o n ^joljiU (jjjU <jJ=u4 n i^'^ Sj-^ •'j''^ 

^ Ji^ajij La jljc. 4(_l3LJI i_La. A2jL Qji j^^ajc jjc AILJI Uaji<i 

I^A jS j^aa. j 4<ljLLJI J La jljC- ,_ylc ^ j' ^-'^^ ^jJall l jll i nil 

I— i^>iall I . ill I nil i_ajiall (j<a jLull ^>ai tAjiil jsU i_a _jjjJjS UJ^^ (jjiWi (jJ2k.j . Jv rtnW 

.Vg =120V, i?j =20Q, i?3 =10Q, / = 3A :A^jk- ^iiVI cjUUJI .djLajlia 
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t> ^'jL, Sjj :21.5 Ji^l 

Aljj^yt ClLajlLa AjjUaJ 

L_ijlic ^W^W L^w)^ J^:^^ LJaLpcl Q^Jjil jill (_i jjjijj^ (jjj^ (jj*^""'^ ij^l 

sjUl oi^ AjoljiU i_a (jjjli 5JjUi-o .<4kJI ^ AcLJl 

elements =^ B «, +V "V = 0 

f J U_>^^ (Jl mr"! I III LijS-oJj .^.slaJI (J_jia ^^^Ic jLiill oAjjj jjl jLiiil <_s_^jj£ (jjjis 

diLojlLaJlj illl jUill ^ U^J tl(jjlr. SJajl^l J nil ^ja e J jlall diLuljill jjc <ja (j^ajjajllj 

-//?i+//?2-«^3 =120V-(3A)(20Q) + (3A)i?2-(3A)(10Q) = 0 

V l^la t^KiVi JJC. ^^Ljc ^yk CsUjlLall jl .^J\ 10 Ailkall R^<^ iSj^ 

lilj 4— 30VcSjL>jU <jl -^JJ /i?2 j'-^' t_baik .l^^l^jjou (Jj t^Ljj^ ^Ua 

i Ajjni^ J ^1 .-1^1,,-,! ^21. 5 cJ^l i?2^'^^ ll.n'^r. lilj i?2'^V""' 

4ii3 jail (_>iUia i-JLiill J jJl jj^LJI Jl ^^jju Aja jlial] 3JLai A-ojS S^ljS jjl . +10 Q 

• -^2 ^?^->^ Lo^JtJ^j jJa. jjjoijSxx Ull jjj-a^t (JjS (jiiJSJ 

(jc ^Ull tlakll jA ^ j! (j jjli J I— i J^J^ 1^-^^ (jj.ll-i' ^joijj jll tlakll jjL^xa ^! (jl 

(Jja jLull (_3ajj oUjI JjJaj j ^jJaikiail djLiil jill Cj| j dllj j aJUJI ujLij] jsll CjI j J I J IT II 
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t> (JS ^ <5Lyi ^JiM ui^j -(^ ^-22. 5 J^l) SJte 



Sjb oUkll ^jL*- CS^^ :i-22.5 Ji^l 




y^UJ ajLbliUll <_uljj .(^-22.5 J^l) 1 AikJL tjkiJI sJJ ^ iaSa 

:(3-4.5 ^LjSUj^I 43UJt Ajjj.. 

Z'-.n -Z^-^- +EC^e>ec-Z^e>ec =^ (15-6.5) 
i R^'LajCLal] oL?jL| 1.^1) / j <Jj A 0.^1 (_si jLA^I cojUl ojlA ^ 
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jjjx ^ C jj^l V J ' i?3 ^ jlLJI jjc jLiiJI Jja B 4^ u-^»^' 

I^jjj 15-6.5 ^1 liljj 

^3^ in - '3^ out + b - 1 - / jV 2 = 0 (16 - 6.5) 

3 out -v.J + igV ,^ -igV^-i^v^=0 (17 - 6.5) 

v„ut-Vi„=V2 (18-6.5) 
: 17-6.5 111 .(jU jJl ^ ^^mi 8.5 jliil) 

^ - J^v 1 - (i^ + / 3 )v 2 = 0 (19-6.5) 

«B-«2-'3 = 0 (20-6.5) 

8-^8^1-18^2=^ (21-6.5) 

v^-Vi-V2=0 (22-6.5) 

^^^ic. Ajoiij (JJjiaJ L)^-*iJ • 1 1^ <pi jsll <— i >«jjjJ^ UJ^'^ Aijlst-all ei* 

J\ <n^ji^\ ^UJl y^UJI Jjiii Jil .1-22.5 Ji^l t> 3j 2 (jilSUl 

jLj JJjii 9 Jj 8,5 Jliait 

jjiLojlLo jj.li (jj^ • J^:!^ 1—23.5 (JS^I ^ ^.Uiail aJjSj^I ^ n 1 .n iAJLuls 
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v^-v^=0 :1 

Ijkjj .(l1i-23.5 (J^I) ^eq^^ A^jlLaJ /Jj j /?j (jjlojlLoll (jt A^UIluVI (j^J 
IAjsI^aII 4-0 jllall t_jLaiaJ 9~6.5 ^JjU-all JLaaioil 'LjC- jij (jUl jx^ (jjlo jllall (jl ^1 

J__J__^J__Ri+R^ 



JJC JAI 4jLiij jA AjjUajll JJC. JXJ jliiil (j) J^-^ l— « J"JJ^ UJ^'^ C>° 
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jii-jlLJI t> ^LjaUiuiVI : 4:11-23.5 t3^l 
4-, jliu 1-23.5 J^l 



Z^elements=VB-V« =0 
loop 

R.R, . 

= -^Ir 

R^ i?j + i?2 

. v„ R, . 



jUll (jjSj lilj cUb Ji^ljll j> JuJ, Rj{R^+R^) J R^I{R^+R^)q^^ ci 
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3-<u (jjSj i_i jiii 4 JUall JjAui (^ic .SjWl JjaU^ ujLoiaJ Ajal£3l CjVjls<-a3l 6ia.j (jjj jjlall Jta.! 
(jS^j .CjIjLuII jjjj AjaLjaj 4JjIj«-<i JJSjjJ jLiii3 >— a jjuSjjS tjjjls (JnT'iiin li] .4jj]jsll i_a 

bijA^jjS ^ .^jli! d jli^ JLmIuiI 9.5 

.1 

.CjlalaJI lillj 1^ ^ (j^j ejWl ji^l IT I 4-0 jJalall J Inj^") .IjUl nr.l till jLull 

OjI^ .2 

A iijjl^jllj jyiJAj tliljjilall .AjaLial cjULij V :AjaLil diLjUj^Lj) 
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I vNA^ 



t> ktj^ »jb : 1-24.5 (J^l 




Loop3 ] \Sv :v-24.5 JS^I 

.OljUll OUUjV lJljjLu 



:0-24,5 Jixiil 



(jSJol 2.-^^ -^J-^J cl^-^ ^ I '<l' (jt 5-a_j]alaU (jS-oJ t4-ajl-i"lnll J J-^ f^J 

AijUJl 48 jSLoui ^ 4-« jhiJ cjjl^ lil <j1 Lnj Uj! VI .3-4.5 ajjIjj^I 

elements ~ ^ 

jjjli (_jJJ 18-3.5 JiUajl aJjU-sI hliull A^j.^ll Jjii-I ' -J lilj iaji'u«a 

i}nr'u 111 t jLjilU <IiJjsJ) iaJ^j 

V =iR 
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-Vj -V2 =0 :1 4ikil 

Vg-Vi-V3=0 :2 Aikil 

V2-V3=0 :3 Alkil 

ij^ lilj 42j 1 jjJjljlx-all (j* ^cjHj 

. (JjaIti ■nW I jl I n't 1 CjV-^Ix^I 

:(c:^24.5 lMI) a SjUI ^ ^yij^ 

tlj^jl*^! 4^ Jj.--^" .Ukk CjVjI*- lilj^^J (JjaU-« jVI lljjJ • 

^3=^3^3 'V^=i^R^ 'V,=i,R, 
iJllLajlLall dll^Lu (_^LeJ ^IjoJI (JjaI^^I i i1 i (j^^ Cajji J jj • 

jjc. .Ai j<i «^«ilt Aiy n\h 1 g"! .^I'l^ ^ uj!>IjLi CjV^lji-aJI oiA (J^ J^t'iu'i j .l^LuljSj 

Vi,-Vi-V2=0 ^ Vi+V2=V^=10V 

Vi,-v,-V3=0 ^ Vi+V3 = V^=10V 

/j = + is => i'l - i 2 + ^3 = 0 

Vj = /ji?! ^ V, - 7?| = Vi - (5Q) = 0 

V2 = i^R^ ^ V2 - = V2 - «2 (7Q) = 0 

V3 = j3i?3 ^ V3 - /3i?3 = V3 - (3Q) = 0 
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"l 


1 


0 


0 


0 


0 ' 


1 




10" 


1 


0 


1 


0 


0 


0 


^2 




10 


0 


0 


0 


1 


-1 


-1 


^3 




0 


1 


0 


0 


-5 


0 


0 


ii 




0 


0 


1 


0 


0 


-7 


0 


ii 




0 


0 


0 


1 


0 


0 


-3_ 


J3. 




0 



cjLultjB Usj X (-iLuiaJ l_l)\jL<i J^t'iihij 
»A =[110000;101000;0001-l-l;100-500;0100-70; 00100-3]; 
»y =[10;10;0;0;0;0]; 
» X =A\y 

X =7.04 
2.96 
2.96 
1.41 
0.42 
0.99 

A^Jdjll .4 

./3=0.99A d^=0A2A u\=1.41A .V2 = 2.96V .Vj = 7.04V 
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:9-6.5 aJjUJIj U^n^K<^ t_Lui^ j Cp^ j^j^ j jtLi jllall 

11111 



^eq23 



i?2 i?3 7Q 3Q 



lAjjUaJI ^>JC. jLall jLlfjll (jj^ '^J^ U_>^^ (JLa«iuiljj 



.^UJl (JaJI ^ 4ial 
V J = / ji?^ = (1.41 A)(5t2)=7.04 V 

J , J 9sl] i_i >£ f J jpli J nT'lniLj .(^jUI (Jail ^ Aisl jlo <^ liSli , 



(jflj^T 4.6.5 

^_^ic l-jUaii (^-k^iaj .jxiotiJI ^ ^ ■ jLiill (j^ jjir . ^ J ■ J '■aJ sjjLa-all ^ ..."i^fl 

.(electrocardiogram ECG) i-i2i31 

jSjJj .^U^)iajJalj <jJal^l jj^aiijuij ^ Ajjlj^)^.^! t_lli]l <iaJijl <j3l^ .ItLoij (jl (j^-oJ 
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2^ iill J 4( oU>iJl iiojl) (^tiJI jU^iJI cjUak. J t(arrhythmias) (.LkijVI j 't^^l 
pericarditis or AjJall SluaJI mU^' J jjJ3l\ t-Jall j ujUll ^t;i1-i1I jjt 

J 44jjLij^1 AjiaUll oIjI ^>kjjalj ^(cardiac arrest) ^jJall * (myocarditis 

.(—iJSlI (JaC ^aikli ^jjJl dlllJ JJ^l oj'j^ 
^^^^^^ui * ' U-lifill ^ ^ .' ^^ ^ 1-^ ^ 1 ^ L-jUaiV 4jtjLijd]l Ajj^jJaill L_S^^*Jj 

^1 >Vl ^ t^ii Lu=a! ;>JiL (1-25.5 J^l) (Einthoven's triangle) 

(jjjj-o^l (jjj (_3jsll U^-^ (lS_>^' (jLuJlj iijjuiji] ^IjUlj '(_jiojll ^Ijill) 

(Jj-ajjj .(i_j— 25.5 (JSjIII) Uj'>'i (Jjl^jiiilLj LuIj^)^ jLuill j ;_j^>jjii1Ij 

.L_lla]l s-Ijj^ CjljLij J7...n L^Jall f-ljj^ jL^ ^1 lilLu <liu:l L_liaa 

I (jjiLlLall (_>uJSJ 4(Jl!La3l (JjJjJ (_jJc. . Kj1t'»"'i\1 jl^-?. ^ ^ <U n (-jUaSVI UJ^J 

<- ^Ijill) AikJl jjij^l dAo Aik t-jlLaVU ^UjU UUj> 

L_ijlic oL^l ^ <llaJI J_j^ lil^j^Iill (jj^ J -l^Jc Ajjljsll L_a_jjjj jj£ U-J^^ (jj;^"' (j^^ lilj 

jil] Ua jjA (jLaJ II (jjiLlLall J jja. 4<ijl jS ^^T lln HI j I jjjoiLlLJI AjoJ jS JiaJ 4<C.Lui3l 
elements = V i +V m "V „ = 0 (23 - 6.5) 

23-6.5 aJjUixII ' _ ■'<' .Lojla-a jjnilj<« (_^! .lie. tjj^l (jlS lil (Ulfill (jjxSlI (—iLuia. 

Vi+Vni=Vjj (24-6.5) 
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jLoj (cardiac vector) g^UtuiJI jjjSi U^Lu t_ilaJI ©Ljj^ UU^^a JLaaloiL 

(j^j .(-jlill jUjVI (_5J^ h,; Mi^i Ul jS jj <JiaJ j]l t-jLkiLuil Jljj 

(j* ^jj I 111 ji n ^^gjjj]j2 ("ll'ififlil I jl I ii-> A Uniljj I Jiii'tj jjl (26.5 (JSjill) ^IjtjjiiJ 

jjiVl t-iUaSlail Jl jj 'ajj^\ (J^t J- Jj^iajl (>« jl3 Ujtj ^ jjoijJI JLk^l JLaalail 

^^-^ ^ S-'jW' jlst-all 0^ JLaajjoiLij . jjoyVlj (j^^' ^j;'!;-! Ajiuijll a jSllj 

.(jlaJ^)^]! (—Ja (J^aC 4JLa. jjc. Jjli^l Ai^^)*^ I _ nil-iil ^jl-i'iiiij <_lk31 

V,(jt 60° — J Vj] i-jjaJjj '(0°) (^"^1 jj^l Vjijij 'lijc. .JLaalaiVI IjtjUi LaA 

.AtLoJI 4-ijlac- (jljj-^ Vjtjii 120° J Vjjj t-ijajjj tAr-Loill 4-ijlac- jljj-^ 

^Isuill ^jJj .AjoillaJI dLuljslI Aj!il!i31 jjU^I ^Litjill JasLoui Jl jLiI (_^jLaij 

^ ^^^jlSlI ^IsijJjll .iaaLouJI CH'jJj tllLdl jflll Jjl:a^ <J.i >aC. ja jl^k ^aJoijp '^^J^sJI 

Ijju^j .(26.5 (Ji*i]l) Aj.:1jx*JI iajJaiJI ALij ^ ^^"inj jjU-all ^lij <]afij 

^jSjII sL^jVI t6 Ac-LoJI Mj'^ V J JJ=>-o cjc- (,5^' ^Uuill ^IjaJl ^jlj 

^UuiJl J CjLul jail j^J ^i5L*il (jc JJJ«j11 CjljLaJI (—iLuia. Jl nr'u^i Liajf Uj^j 

Vi=Mcos(0) (25-6.5) 
Vn=M cos(6O°-0) (26-6.5) 
V m = -M cos (60° + 0) (27 - 6.5) 

.<jj,U.al| (_ila3t cjUi3 js jjjj aaL^I j ^;^°1I ^Ujill JLk.4 ^jjj ili^AiuA] -^Ji 
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(J J I 11 .Ajtjij! ^-^ UJ^ UJ"^ t4jnluill (jjj (jSj^jiil JaJjJj 

jLoI jail jjj ULi eJOa^l Lil ^j^xj '^^jlall ^1 ■» I nil JjJaal J/utjjaiAll (26.5 J^jill) (— lUil jiU 



Ljaj^jLuT cjj^ (Jjjiaj 10,5 Jli»Jl 
.0.91mV^I II c^'LjUl jUlj .0.82mV^I I o-Lj^' J^^ 'L« SJia 

.Ail jaJl Ajjt jj j^^jlall ^Lsuill JLka j JII (J^blall 1 g i iiJ<J ^^1 4-«jall i.lni'.l 
Ijja j^jjj] (jjjli (jjiWil ni (jiiULall 1 I iiJ^J Ajiil jsJI (_gJc. (JjjL^aaJl (j^Al ij^l 

V J -V u + V uj = 0. 82 mV - 0.9 1 mV + V m = 0 
Vni = 0.09mV 

Vj =M cos(9) 

Vii=M cos(60°-e) 
0.82mV=M cos(e) 
0.91mV = M cos (60° -0) 

\\\ J iAjjl jU S.la.j jLljl j3t Jlnn'niU illVjla-all o^A J^UjJl JiiJ .(solVC) Lli)l Ajlm 

rjljijll A:a.j.lll (j^ (Jjj2>j11 

» [M,e]=solve('O.82=M*cos(0)VO.91 = M*cos(pi/3-0)') 
M= 

[-1.00281] 
[1.00821] 



[-2.528] 
[0.613] 
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• 35° 6 i-jl jj ' ImV LSJ^! 

jji<JI ^lill JLalaiLi (graphical analysis) ^^UJI JjI^I 0 j M <^Laia. 

.26.5 J^l ^ 

^^iuiSA - 5.6.5 

jjjli ^jj^l liA .(Hodgkin-Huxley model) ^^^iuiiA - ljj^JjA ^jjaj ^ 
jjxSj «.UiiJl jjj jjill Li.ijij (_builjjj y jjjVl (js-^ ts^ L>^J f J 

^ = \ (28-6.5) 

CjUj jail A^ja^l o jsll jA V — V ^ AJUJI s^A ijy^ (JjS jjl . y J jLiJI (_>*ii?JI 

(jijj ui-a _jl Ullc. (^^U.i'sA - tjJ^J jA j.<ij Aiji-all oIa JaxjjoUj .(NcmSt) 

.I'll^ (j_j.aS .ij^J A-lliJI fXJjtC. ^>JC. IajjC-j Jji^l J J ^ajJ-l _jJ-a]l 

^ =^,(v.-v,,,) (29-6.5) 
jjS! (v^ — ^_ ) jl£ Ijli .3; jjjilxJI (jni-^li tLlill AjlaU ^ uj '-y^ 

jL.^ jj^ jl£ lijj il^jLk AjlkJI (Ji.b j>i UJ:!^' Jlijjl eU^l jl£ tji-^ 

JJC jU. j! La 4jk. Ji.lj ^1 Qjjua jjjl (Jsjj jj Jil .AjliJI Ja-lj (_yJl A^jaJl 

/^i .1 US'.., I J) jjj . .1 US'.., I ^jJaaj V csl) ojSlaui 4JU. »LiiJI jjjSj Lajja. Lolj 

(JjS I 1I ni^ 1 I ' 1 1 ii'l jj 4j.ilst<i (JLaaiuil jj^Alj .»! hit II jJC (j_J.oS CSJ^ *■ tS^j ^J"^^ C?"^3i 



All, 



jA J .(J^ jjljS 96485 ) (^bl Jlci^\!l F J .^ilkJI sj j^l <^ ^ T j 

.4jlaJl (Jklj y jjSji jA [jjlj i^jkJl ^jLi- J jj^J^ J* [jolj '3^ 
jjSljOJ Jjl^l djUjjf 4^)1^-0 -UJ:!^ <-5^ 1^ AjliJI pLic. jjc jp^^l JjlaJ 

I^Jj La liAj tl^jU. Aaj^L t_l]Lu AjliJI Ji-ljl J "^1 .jj^Jill ^jJJ Jjia <^ ^jliJl 

^ I'lin'l^ 3Jjl«ji 4(Jl!l-a31 (Ji^^ (.5^ . tjill jl I n"l «^ <a.jLaJI j •^ii.WI J_>^' CjLjjjl tilLlui 



''r,„!ai| (31-6.5) 



^1 



= 61.5 log I 1^ I mV at 37°C (32-6.5) 



Ji.b cjUjjVl (>»*^ AjuLu JjSljj 2.5 Jj-i?JI ojjjj JjJ ja —1 i^J-ui^ 

tLJLj jlall 4JUJI ^^ sUiiJI il^b i^ys. jj\ dlJj ^ (_jJc.! j^'^J^ 

diUjjV A^LuiA cjULui^ ^^^j?*] (j^^j •~70niV ^' -j« ' ' ■ ■■■^ 
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(mmol/L H^O) 






(mV) 




SJiJI Jib 


+60 


150.0 


15.0 




-90 


5.5 


150.0 




-70 


125.0 


9.0 


cr 



Ross G, ed. Essentials of Human Physiology. Chicago: Year Book Med Pub, ■■Cy ^^Ij^^' * 

1978. 



uiUaSlu,Vl JljJ fUSi j»jjJ>^l CjUjji jajj 11.5 Jli»ll 

<i5c. (_^jLa5 sUa 75 (_jic i^Jx>~i AJit j l|jm'^ jlj^VI ^aj^ 4^ sLiiil 

. 250GQ ^ jjj sUal ftUiiJI 2^ jlia jLa^j J . —65 mV ^ <:Liiil 

jUill t_iLjiaJ 28-6.5 AJjIxaIIj ^1^» --^l ^^IuiSa - jj^JjA JnT-iiniiii :JaJ) 

.^jjj_jjL^I aJL^ frLjuJI jj ' _ ■ ^ '''■■■'■J' <ljls«-a (J ni'h II J .v^ = — 65mV 

:^jLjj ^jjJ ji f.\ niirll (jjljJ (jj-a^ J ' 37°C jLluJ jijaiaJI ejl ja. A^jJ 

V =61.5 logf [^ImV = 61.5 logf l^^lmV = 61.5mV 

(J^ I Kill dlljjj! jLii ^^^C (J I "l tg^lni^ft — jA ^iJfill ^J-tt^ (_paJjaijj 

^m-W -65mV-61.5mV .5 ^^^q-io mA 



i?,,, 250GQ channel 

Na 



a* .total 



-5.1xlO-'°mAx75=-3.8xlO-'mA(^^^ l = -38pA 
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i (jjs J I jJiij .-38pA L.iLkila.'VI J jj Ajljij ^ l}im^ 

<jalxutl<lll AjjolLolVI CllljjjVI t!]jLa: jjAjJaJ jj^^j '^ji'Nil tljalC. A^AaJ 



(JSJJ tjjl jill <]U. ^ La! J .(27.5 J^^nll) Ajtjij SjWI v. i*j Jjit-all 

'■K^+^"Na^+^'cr=0 (33-6.5) 
: y 28-6.5 AijUJI JL«la.U 33-6.5 ^jUlJI jUS 

V „ -V V „ -V + V „ -V 

" +- ^+ " "° =0 (34-6.5) 

^K^ ^Na^ ^Cr 

:33-6.5 yjlU-all ^^ J jia. (jlajjajll 29-6.5 aJjUJI J nu'lml Llajl Lu^j 

^K^(^».-^,K^) + ^Na^(^-n-^,Na^) + ^Cr(^».-^,a-) = 0 (35-6.5) 
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v„=^^= (36-6.5) 

y 

'(Siemens S) (jAajjJI (^jiJI (>Uij31 ajIsUJI s^i*. j jjl .l^UaLi jj-o <i.:jLi]l o^li^Vl 



^ijjtj^i Aiu ^ f uiiii 12.5 Jii»ii 

^JaUll 2.5 SU«^I jjSI Jill cUi-'t .jjl^lj fJ^-M'j 

• g^^, =lpS, g^^ =33 pS, =3pS:^iiVI 



_ RT 



= 61.51og 



r 5.5mM 
150mM 



-88 mV 



-70.3mV(j'j ^^Na+ =61.5mVui aIi^Ij 

:36-6.5 AjjU-all JLaaloiU ?.Uiiil 
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y cNa** Na+ e,K^K* e,Cr' 

v„ =^ = 7 7 

61 .5 mV ( 1 pS) - 88 mV (33 pS) - 70.3 mV (3pS) 



: -82.5mV 



lpS+33pS+3pS 

ejjiiall 4tjjVi11 (j-ajJaJJ *i <jl liaJjoiJI liljiuJI ^jjjajj ^ AiLa ^jljAill IjlA (jl > r-i 

(jx ^iLaj JJjiaJ (^J^ .iSj .Uiajl (>ojll ^ JJ*-^^ «.L>2iiil JJC <Jjl 

^ja^l ^1 Sjlaj - S jjiioil ^) 7.5 

dlV^ia-all jjSj Lajja. Jl nT'liiLll 4_ajXa]| SJ^iU-a] AjLjalijll J^jj . ^jJjLala 

7 sys 

Z^+,* -Z^+J +^+,gen -^.,co„s = (1-7.5) 
k j "t 

Z^-,. -H^-J +^-,gen -?-,co„s =^ ^1 (2-7.5) 

it 7 

7 sys 

Hh-J^ij lA^L^liQ^) (3-7.5) 

t j dt 

5-0 jialall (JkJj (AjsL^ 3j]Lui ^! Aj^ja^ A l-> nilt J^a-a (jjSj iS jJalall 5-a jlilaJ) 

jja. S jjilall Llaj! jjSj j! S ■ Ajj) j.a aJjUiJ ^LLl^l 4Ajj^ (j^J 

j-a Ai.llsi-4l AjIal£jJl (jl J^ii •u/'^''^^"'" (j/'^^^ (jJJ La A-ajJalalU ^LaJA^I 
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" k ° i " 

-{'' 4. r.n4t = \ ^^dt :'^y^\ (4 - 7.5) 

" k " j ° 

oonsdt = ^^dt :ULJ (5-7.5) 



-dt iajsL^I (6-7.5) 



(jU jij oAljlii- oi^h o n-^^iyr , j> j'j£i; ^^Ijj^^ >^ (capacitor) 

.!-28.5 J^t ^ 



jljj ui« Ai^Lo - : 1-1-28.5 Jliwil 



^ >j :i-28.5 (JS^) 
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^^ic. tlLaSljj j-o 1^ ni (jjSj tjj^joJI AjLaC (JLojSI (jJ^j (jjia-iij-all 

j^^iajij-o (-1^28.5 J«-^!J •'-"'■^ Ijii-a (^jLoi Ai!iL<Jl AjaL<all j! 

?=Cv, (7-7.5) 
^ (jjj (3 jill j\ A^LuJI 4jj3 js]1 ja V ^ J 4juj c (jj 

eia. jj .U^iUjI J LjluJ A/uaj 4 i^<. n\\ o jxa- (capacitanCC) AjLuJIj .l^joa^li^ 

. [L"'M"H^I^] j«i 4*^1 ^ U .CA^ (^ill (F) Jl jlill ^ 

iLoUJl AiLiuJI djjUj 4 A 1 n(S l« 4ja.Lu<o djjUj 4(jJJjjl _p-<i i'i'>J^..^ C±i\£ lil 

C=^ (8-7.5) 

d 

^jj 48.85x10"'^ c7(N.m^)(^jL-yj 4 (permittivity) a^L^\ d^lS jAfga! ^ 

liSal iJjiJi a^j ggAj'.lnnill tlulj] (j! ia-V AiSLall ^'i'.j^.^ Qii Jj^Ull lil 

.CV(N.m') t5^l£i^l F/m 
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^iji^ 13.5 

lil .p = 25 1/s J a = S.OAiiya. =ae'^' lT-^ ^s^Lo 4->jq,^ jUj Ji.jj :3Jlui^ 

AjIoJ s^j jLjil) IjjJll .'.Ijl »j .(29.5 J^l) Ai!iL<JI Aija-all 3-0 jJilal) 

:6-7.5 <iaL^I JiUaJl 4j.lljtxl 4Tji.-ilt (J^utloj lilj tSJ.la^ 



-dt 




.29.5 

4 '<t\^ n ijA Aj^^aII 



=(-0.2e-^'''/^^'C)[°'' =- 0.057 C- (-0.2 C) = 0.14 C 

.0.14C c^jL^ 50ms .ia-J 4^J<i^ll a , nil (jj 

(jliiaJI Jj> ^ja-ui ^jij 14.5 Jli»Jl 

4 nl-iVi«i jjc. Aaj^jjoi ( ' ll nil t' jl es.lju! (_Jjb<aaJj ^^till (jU^jijill (Jli. jA (jlssaJI :AiLui<> 
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sLjStj .4jJa AjLoi J ^Lo^ Aji! lilli (jC tUu^ l_iljLjalVl Ji ^'.J ^ Ijjj .jijll 



.f = 0 AJi=J31 0.080C c5jUi <££<J1 ji (jia Jial 

^^LaaJ . 1 

.a£L«1I j^ %99 ^jii] A^jM Siall L_ba^l (1) 

• 30.5 (J^l ^ _jlii<JI : n\\ 




482 



Oiki .2 
oU^ ji (i) 

. Jclii (jlSiaJl Jjj- <iauj j^jiii (^-^Ai ^ • 

• C, S (J-astluil jll J jj^jltj till jjiiall ^dj^ 

2LjLI£j1I AijjL^I (J-aaloj IjJ 4s/.la-a ^A-j C5^j AiLlal jLuJl jA ^ ^ lAjjUi-all (!) 

:6-7.5 <iaL^I Jiliajl aJjUiJ 



• 1 <i . „^ II ((_]) 

qr = (0-080 e-*'"" C)[ = 0.080 g-^^^^Vs)' C-0.080C 

jjSj ij^LjA^il i^j^ a]\-^\\\ .0.080CAiaL«3l cAjI.:u1I ^ • 

44jjljdjVI Ajau^l jj-a iaSa %1 '"'^ t^;-'"'^ jj-a %99 '.^.i^ Aio^-a]! 

= 0.080e '/^^ 'C - 0.080 C 
0.01^7' -q'J' = 0.080e-^'°°'/^" C- 0.080 C 
-0.99? f = -0.99 (0.080C) = 0.080e '^"^ '^'^'C - 0.080C 
-0.0792 C = 0.080e '^"^ '''^'C - 0.080 C 
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? = 0.0092 s 



AyfuW .4 



.2UiijJx« 9.2 2 Ajaui (> %' 

Webster, Medical Instrumentation: ) olj^JiiJl lisj : (ja^^ill 

jlisiJI Jjj-i <ajL« ^ jia ji t_taj ^(Application and Design, 1998 

.V jjLa Ii3 J eiA j>4 1.1?. (_lija UjI tLjjjSJ 4jjljjLa 10 (JjlL 

SAj.lC. ^Ijj ij-a AAkitS/l oia J .l^liiic.! ^ AjjU-aJ^jj^l Cll .^llil aJjjII 




^ ^ ^ ■ .Ixj aXiila : (jj^ Jj- »Ljul!I dil^^iu :31.5 JS>ull 

Guyton AC and Hall JE, Textbook of Medical Physiology, Philadelphia: Saunders, 2000. 

5^1 j]| (jjxiS ^J jLuu .(action potentials) lijJa-SI cjUj^ <uLl<u£ Cil jLij ^Jc 

QAjJali J .AjkJI 2 jl^ (^j <ijaiiHj —90 mV J —70 mV tjJJ U Ajaj-oxJI Li!iLiJI 4 unr-i ^ 

(jJilj .(31.5 J^l) (m^^VI S:>jc) iUl!; SjjJIj ((_jUa3la.Vl Jjj) 

4f.LiiJI ^ ja jjJ jjlJI OI ^jijj 4(aXOn) (_jJj-a«JI jj:^^! ^j-a Aikla JJC ojUiVI JJJ-o 
Ljajl i_ajaj j^yiilj '<^.laJI U>*^ CP" ■4i^^>^l »^ . ^jiCiy-a^ CjljjjLj <jlaJI l3^)*tJJ 



484 



AjuJaj .sLliil jjc +35 mV dj^\ ijjj '(depolarization) t-jUaSla.^! J jJj 

.—110 mV ^jLaJl sUic. ^jlaStkjjj ujLLjSLjVI oJjC ^jauiIjjj]| CjIjjjI ^3^-^ 

jjjAjL-aaJl ^Ja jlkijU —90 mV ^ j3l j CjU jjVI ^ jSijoiJ 

(jj^ dljajj 4ijj]a]| si^J ; ■ ^* ^1 ^jjlll (Jjia (_jic. ojUiljl ^1 Lj^i^^o ilA^lfcJ Loj ojjLa^l 

dilaJI f UjI MJaJill 15.5 Jll«it 

Ji.b (jajjj jijjjjj^l (jjUjjl 4 0. 1 ms cS^ll t^jl W'j'i.nVI Jl j J jjL ?.Lii! 
' 0.2 ms (.jAi 4^ill ^Uaik^VI j> j . 7.8x10^^ ions/(cm^ -s) J:^^ oj^^ 
. 4.5x10'^ ions/(cm^ ■s)t^jLuy jj^^' ^ iA fj^^^^?^' ^^j:!^ ti^Jj J Vj 

? sljjjl AjLLSI Ji.b <-a£l jlall jA <iauill jl.:i<i jA La 

Ii3 J iCjU jjVI jS liljajj j^l <a.LiiJI jLlaJiaJI ^jaJI j Ji..lJl V°:»«-4 : JaJI 



f7.8xl0-^>mm^)f^l = 7.8x10- 
1^ cm'.sj \lOWj 



:Na^ 



.+1.6X10 '^C J Ajaui +1 UJjLi Aja^ ^jj^^Ujjll J (> JS jjj! .illlaj 

: jLij Jl oljjjS/l aJLllu Jjj-."' I IIa 

7.8x10^ l^Yi.6xlO-^' —1=1.25x10-" - :Na^ 
s Jy ion J s 

. 7.2x10"'^ C/s jL-uJ (^^' f J:J"^ J^^' Jjiaj 4jU3i.4 jaj j^^^Cj 
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5jjlj-o aJjIsix] <j1<iI£j1I Aru J on' mi lilj tAjLuuill i_yaj ^ '^^p^j e-^ AiAaj ^ 

:4-7.5 Aja. jJI ^jau^l 

0 J. 0 ^. 0 0 

4-7.5 <Jjl«-a3l Jjli.1 ' "J 111 .1^ ^jjuiljjJI ciljjji ^jijj 44jLlSI Jib 

(•0.0001s r 0.0003 s 

£ (1.25x10-" A)Jr -j^^^^^ (7.2x10-^' A)J? =^:^^ -^f^ =^:^^,, 
9!!Lc= (1-25x10-" A)(0.0001s)-(7.2xlO-''A)(0.0003s-0.0001s) 
?!!Icc= -1-9x10-'' C 

t> 1.9X10-'* C 'Aj.ijCj t-lLLaLaiVI J J j C^'jjia *-l-iit 

J^lj ^ Jj J ■ ' " '1 ■ '-~ - (Jl I III (J!)IA 

^ «.LiiJI > j.ii^j i6.5 ijiaLJI oljj^lj Lai Laijj .Ajjjjj-iall CjU jjVI Jj^I Jj 

«.! iotI ^^1^1 (jj''^^ UJ^J '''■"'J' 4j.^lju (JLulLluL Qjaui jj"'-^ 1 Ajjl ja.ail j1 ajiluLail 

J ijjjSi^A ^ jj s.ljjj .(12.5 Jllall) l^jU-j 4jUll Ji.b tliljjji jj^ljil UjIj 

La ^ ^1 <jlLiJl Aj_^jJajJl CjUjjVIj Cjbijjjjll ^\^r n\ Lljlajjl Si jSj LlIsJI 4^i*3ic.1 j 
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.(Jill jLiyU LlIsJI JLal JS aIaxji j JnT'un' ?.LiiJl AjC. jjll Cll jjijll j 



Jdljc :3.5 J^JaJI 



(cm/s) iijjia 




~0 




2x10"^ 




2x10^ 




4x10'" 


cr 



.10 eUJI j> jJjjtj jJI CjU jjI ijj jjj ^ iSjjIisli .oj!la-a lJ jjli Icm^ jjc <j3l£^ oik * 

Hodgkin AL and Horowicz P, "The influence of : .kAc lJLu, qJi J1«j A" t 
potassium and chloride ions on the membrane potential of single muscle fibers," / Physiol 
1959, 148:127-60. 

JMji f.\Akl\ i^y^y I'll W nill (J^axJ ^Ijpijj (ejJUA ^ ^ i n\ («.Ljul!I 

AjjIj AjUJI ^jU-J J^b 4jKJI tllljjjVl Jj^ljj I^J 'l-l?- 4^ia-o J jJiia j .*LiiJl 

(jj^ t-\^ a.lla^ kA^lui Qji A\ cllU ji^ AjI^I ^U!ic. jij j^xj j .liij^ 

U '^l c^j^ V ''-AjJ^ ('C'j idjUjjVl «.L3ul1I diLjijii (jl ojUiVI j-^j .L<i_j^ 
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AjjLj^I AiUail S jiaj - ft ^\ 8.5 

JiUaJ] J/uJl j2jj ^ ^ <f\ jill ^Jio ^jij^l 1^ J 2 -.^ .'r.ll AijLall 

(Jjjl^ 4iLyi ij^Uj^l JiaJl ^^i^J .AiSLall ^^'l-tji..-. j /ri-> Hill JjL-aS 



Sjb :32.5 Ji^l 



/^-/^=0 (1-8.5) 
1^=1, =i (2-8.5) 
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i(vA-VB) = —r^ (4-8.5) 
dt 

Aiaj^t (^jljuiJ 4^^) ^^J^ 4iiJja3| iajjA 7-7.5 aJ^iUlxJI jkjj 

KvA-V5) = iv, =;^ = — — (5-8.5) 
/=^ = f(v,C) (6-8.5) 

:4ia£-a5l JJC. jLdll jjSj 44jjIj Ajuui Cjl i 4-4 jJilo 4JU. 

i=C^ (7-8.5) 
'^ = ^,-=^W (8-8.5, 

* c c U» J 

f^=Cv,?^4(icv,^) (9-8.5) 

dt dt dt 2 

.9-8.5 AjjjaJl eiAj ■Ej,^= CvHl —> t^asu Aj jji^l 

/?C J ^jll. 4 ^UjjIsII ^UiuiVI 16.5 (pA 

Ja:^ ^li 2^ ^iji^j- AiLiUI .33.5 (J^l Aiu-ll AjjIjj^I SJJ jikjl :3jluLa 
AiS^I J iJA\ Ji ^Jc Jjj o Ajjuua j31 ^IjaJI jjlj AjI^I :1 

2UUJ1 Aiilja >.lni->t ^LuLjJajll ^ia^l Ja4 =0<iiaJll .(v^, =0) <j j=>^ jjc 
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ib 2^ :33.5 lJ^I 



:1 <JUI 

Z^ele™e„,s=V„-'«,^:-V,=0 I 1 AikJl 

A'^jl-iflll V^^jjljiJI ^Ijjjj ijjaJillj AiiLall 1^ tZ? ^JT.hjll ^ ^Ull ^J-iajJ Lajja. 
Alkali AjKJI 2LiiJja3l (jU ilAXi /Jj^LijUJU jVI ^ji^^j- J Ijlkjj .1^ jJa 

Vo-v.=0 

. 1 AllaJI sUjLj (jaJill ^Lu! jLiiJl eUj| (jjSjj 

:2 AilaJl 
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^ ^Ijii J\ XAj^] (jLoJ V '33.5 cs^ UiaUicI 4-a_^^l 2 

(jjSj jLoll J\ AjaL^all iiUajl it >0 (jj^ J -^ii^l J <-o J^^l 

•('2 = ) 'Jj^ <-S^ -5^ 



loop 

*2 = ^ 

' [dt ) R, 

Ji^l iktil iUjUJl eiA 



ln^ = -J-a-0) = -^ 

(jjjlS (_jJc iliJj .LoLoJ AiauiJl (j^ iSS-all ^' Jji*^ S-'J^! 
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: J Ljaj! 4 j'i^ nil JSC jLiill < _ ^1 I ii-^ jj^Alj 



J, =C — ^ = C — V 



1 



AaUjV ^^jiill ©Ljjt AiSLall jLii oUjI (jl c^t ' 1 aJUJI AiiiLall jJC. jLall 

JliJI ^ jssA jA LoS oUjVIj 2 ^SkJI j_ja jball f^:iss :3iaaiU) j^. uiH ^Liil 

.(33.5 

: ^SUnll 2-4.5 AjLbliill AjJjJI y^U- Jjii.! .1^ 

J AcLkiaiVI liKg'lnil t^jLatl 4<Ajlla]l La ^_^J ■<sj\j^ 4iUa 



:9-8.5 <l:ilxJl JLuLLoiLj <^ Ajjji^l 4jjUj^1 ^aLUl i jm^'i j 

t/? dt 1 ' dt[l J i?2 

*Lu! J .Aijau^ yjikJI Lii3jl*-o (j! .ikjj liA J iSjLiyi l^Lkj J Ai!iL<JI 
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4iUa Ji\ (^Uj^l JSaJl Ajjji^l ^Uj^l 4iUall Jjauj ^^jij 



:C ^ ''•■<-" AjuolI 4-a jlLJI (-J jiua Ji^U. RC ij^ X C?J^! 

x = i?C (10-8.5) 



R 



(11-8.5) 
(12-8.5) 



(13-8.5) 

iX^^jJI Cjjliill CJiJuui SjtiS Ljajf (j^Alj 

t = 0 

h 

R 



C d= 




RC i Jj :34.5 JL^I 



j^j,yflc i^i4j 17.5 
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.1—35.5 (JSjoJI ^ (JS j j tdlLajlLa lLl^j iAjlllji ^lia (jj^ 

'(tonic current) J^J^\ jLul v ^ u-^j 'V ^ uj^-^' ^illja aj^AjII ^joI jill ^lia Jl«j 

^lio (jjj -laJJJ L>*j^' Lajla LbJaLlj l^ij^ ^j-;."....! ijLiill jjS tjjjli (JLaaiuiU 




^.Laio j j; . ^r. c-Lilc. : 1—35.5 Ji*^l 
4jj]ja <jj£-a A V>J » 11 1 ^J^"^ 

Jung R, Brauer EJ, and Abbas JJ, " 
Real time interaction between a 
neuromorphic electronic circuit and 
a spinal cord," IEEE Trans Neural 
Syst Rehabil Eng 2001, 9:319-26. 




olj 'AlAJio :v-35.5 Ji-ill 



(jjUk dj^ilS M-35.5 j^iijj 'SJJ iaki^ 1-35.5 J^l (v) 
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:oLi^ J. (i) 

.AjlkJI »1 niirl JjLtx JAoJ jA i-35.5 Ji^l j» ^jjoijJI • 
.AjjIj »U!ic. Ajtjoi • 

sLic. :m • 

J : r • 

jPjS : ? • 

<ji aL^ J : 5 • 

t_jL^ .3 

elements ~ ^ 

loop 

V = iR 

iajjU 7-8.5 J nu'lnil |jj j AjlkJI «.Lit <«jai J liJaJial Sk j 

i^'^jAiW 1^ jLiillj At Mill (jjj 

I =C — - 
dt 

:!-35.5 J^l ^ 

i^=i^+i^ :KS:>a*il 
K=h+K :LS:>a*il 

/ = / +/=/+/+/ :K S^l 
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/ =c^ — ^ 

:t_!-35.5 J^j^l ^ Alk. J£l 4JjL«-<i j3 AjjI jiil UJ^^ 
-Vjj -v^ =0 — > =Vj -v^ :1 aSLJI 

v,-v^ -v^=0 ^ Vg =Vj-v^ :2 aSUI 

v^-v^ -v^=0^v^ =v^-v^ :3 <alaJI 

4j!il!i3l (JlilakJI ^^ jLull jjiaj UiLoj i^J jjjla JLaai^Lj 





V ^—v ^ 




R^ 




V ,-v ^ 


R, 


R, 




V ^-v ^ 


R^ 


R^ 



V —V V — V V —V ^ dv 

im=h+K+h =— - + — '^ + — - = C^ — ^ 

' ' R^ R, R^ " dt 

.2 

Aju^j CjLajlLill J jill ^lla (jJJ JaJJJ (.gill iaiuull AjUJI «.Lic. jaj jaJI (I) 

^ dv ^ _v ^ -V ^ J --^^ " 



dt R^ R, R^ 

iL3ul1 UjJaj ^!J?■^ Ua.ijAj 4jJ jta-o i^LjjI i i .^11 jj-o IjjLajll ^(-jj 
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34-6.5 AjjU-aU i^Llo JaJl liA Aijj-a J .«LiiJI 2j<^ ^Jt\ ^iL-^aj jUjoiaJI 

. 4 T > .1 tl^ ^ " ■ j ^ 1^ ^1 r ^ ■ .' 

4ja jiLo lilLi hcjul j]l . ^..n^i;^ Jii. ^ ajjU Ailia (inductor) ^j*iajjaa2l 

J J (jl .j^U^)^ L)_>^ L>* .lljpj 4<jc. ^iill j^j-itJaji-all (JSaJl Aj«-o JJ«J 

J jjj V ilajlj jLiiil (jl^ I jjj .^T ^)JC. jLall jLjjli Jjij .3 J^J ^, ■ ■^'"^ (j>*^l 

.(^Ujjsll 'UAj (Lenz) jil jSij) 

v,=L^ (14-8.5) 
at 

\^ I f-ilja. ^_^Jc A«Jaj lIuIj jAj il^-JaJ^)^ L j t4ir u7ij]| ^ jLoll jliill jA jjl tliii. 

csill (henry H) csjj^JI Aj.ia.jj ^[L^Mt^^r^] j^ (_pajjaj]| .:«^ U j .AjjUjjill 

•(V.s)/A<^jU^ 

'3-7.5 ajsLJI Aiauill <1jU^j 3-4.5 ajjLj^^II AiLkll JL«iu.U 

:AjjIjj4£]I AiLkll jj-a 36.5 J^l <^ 4jjjJI jll Aijij L« t_lLaia. LbLhj 



dt 



-IbVb (15-8.5) 

Jaliajl AjjUt-al AjLjalioll Aiu Kj.iin (j£-aJ 111 4 4jjJaJ jajlll AjtJjj jll A K 1 nil f^l V 



(16-8.5) 

(17-8.5) 

: 15-8.5 aJjU^I Jl>kl (i-! ^ l^j 
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-1 L (YYY) H — =36.5 ^\ 



-r^ = ^(v.-v,) = /,v, (18-8.5) 
off 

'14-8.5 j> t> (>ajj«^ 
^-Lf/Al (19-8.5) 



.19-8.5 ^jj^^Jt Ai^l ^ siAj ^ =V2Li^^ 

9-8.5 ojjj d4-8.5j 7-8.5 jiiljUJI a^J ii^V 

.19-8.5j 



SjIj :37.5 Jl^l 

t) ^50mH 



J ^ ^Ualt 18.5 Jli»21 

AJajoil jj (_).oLia *Lijj .37.5 L%^\ 4^ »J-^' (3^ 4? =0.ijc :5JLu»^ 

/ =2.0? — 
s 
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n\;« 10^ jll 



ijl 19-8.5 a- jJ*^ 



dEl 
dt 



ET, = -L il =l(50mH) \\2.Qt A ] = q.U^ ^ 

=10ms<JiaJll ^^j 

E'^\ = 0.1(10x10"' s)'^ = 1.0x10-' J 
s 

■ .AjjlijLi 10 1.0x10"' J UJjLi aSLL (Jjjja. ja jjSj j31 jjl i/t 

AiLL <^ J t_>bjjal .38.5 Ji^l <ijx<Jl i?L Sjl:iB aW^II AjUla.VI ^ cJ^\ jiiil 

jail ^ _^JJ^ U-?^^ j>a . ? = 0 AJiaJll ^ tliaic.1 S jUI jlj t^r u.i j3l 5j jja-a 

v^+v«=0 (20-8.5) 

14—8.5 Aj.ilj«-a3l AjtiiS j]l (_j]c. Ajj] js31 ia jjA (jc (jlajjjtjlljj 4^ jl (jjjls JLaaHjaiU 

L — + iR=0 (21-8.5) 
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L 

T = — 

R 



I RL i jb :38.5 JS^I 

i^^Ji^ Al,LA\ aJjUJI J^l£^ lilj iJdJ^ R J L 

_ R 

i=i^e~^' (22-8.5) 
:^ T Cjjlfi i?L Sj^ ci?C SjWI J> t>j 

(23-8.5) 

i^^VI J^U 22-8.5 AijUJI AjtiS j> liAj 
/=/„e'^ (24-8.5) 

j_jJc 4jajl^l Ajoljill (_g-2aaJ 'iVlJ't . (j,a^l ^ 4-ajh"u\l JJ«J jj^U^ai. ^^jia^^l Cjjljll jl.lL<i .^.1^ 

v=iR=i^Re~' (25-8.5) 

We,ec=''o^^"^ (26-8.5) 

^1 i?C SJJI ' i.n-^ cjVjI*JI Cjli:5Lii.Vlj Ljl^Uai Ji^V • x^^jll d^jLUI 

.RL SJJ lA.-^ 



500 



^ ^joijllluj tjirnlll IIa (_5ij -o-^-^ CjLjSj-o jjjjSj] AjjLl<ij£1I CjU^j-all Cjlji i-l±sjl 
.^jjUojSJI (_>*ilia.Vl jJJ La ^ J jm h djU jjjjJIj Cjlj jJj^WI tjiiji ejlc] Jflniji Jclij]! 

:LaA 4 "l-> t%\\ <jjlj<aJ (jtjjjAaJI (jUJjljixll j 

Z?.,. -S?..- +?.,gen -?.,co„s =?:!f^ -^7^ =^^> ^1 (1-9.5) 

t j 

Z?-,.-Z?-,^+?-,gen-?-,co„s=?!!?-?!!^ :<JLJ1<^1 (2-9.5) 

* j 

3JjUi-aJ AijjL^l jU |jj .(Jcliiill ^Ljjf AjlLJIj <fa.j-4ll 2 \^ jlijl in'n jljI^lLi 

lAiauill iiUajl aJjLx-o Lajb Jjj^ AjsL^I ja 

Z?.-Z?, =?r-?r (3-9.5) 

AiaJill JaliaJl AijlUi^j 4^ jA\ AlaJillj aJLjiII AlaJJI 4jjl jja i^^'^ ^ ■ 

.<lLol£jllj (jiiiij-alU AjsL-all 

^u^yi (Jiajiii ji) <iiiii 1.9.5 

^^^Jajul Jkli J j^Li-j^l ^>.L^LU<JI dKiii i (radioactive decay) j^Uui')/! liKioll 
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.A^l^)aJI (JjS Ajuji* (_5 jjj flit gjm'lll ^1 jaJl I^JS ■^■la^ AjjSi 'AjujiaII 
^^ (_S till jiH£ AjuiJI CjL^ijJI ■ °j. .^JJaJI Ajikll ill jaJl ' . '"'--J 

^ t. >^Qi A 1 ^ Q .^1^ A 1 1 ^ ia t at'i^ jiW tHjljj^^iijll t^-ljl-LOJ^i ^.J^ljll L-l^y^\ 

cj^lx-Udll iIjUT gl.^yiniV J«ia4 t^ill (nuclear magnetic resonance NMR) 
(magnetic (^nn^iT^ll jjjjllj jjj.-^Ml ^^lJ^] Liajl c/^t j ''SjjU^' 

4-<ij»JI «.LiacVl t> «.! ja5u jjj^ ^jjjSj tresonance imaging MRI) 

(_^ji LiLij ■ - (^^^ J - iSj=^ ^^Lia£]| J' ^-'^l t^Kajj 2jal . ^11 2 -.^ .tW b.1 •■Sf 

^1 OU'j^-aHj AijV (^jlll 4.5 J j^l lilt Jla Lxi^ J Ajaul jl Ax-a 

el jill t> 'Ua i_siaj ^jJI liJI ^UljII jA ^UtjlVI liKioll a1J\ ^\ j .^^UtJiyi t<3£iall qc ^cjIj 

4jaL-a3l Aiauill jjSj lilj 4+2Ujl^ AijjlLJI jijjl^l eji VI .— 2Ujl^ 



.j^IjuSVI dSiUI :4.5 JjJaJI 





jw,VI 


>jjl 


+1 






-1 




-IP 


0 




V 


0 




l7 


0 




7 
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Sjill I_ai2i Lajja. Uj'..^ (jjSj ^^jjill J •OJ^t Aiaiaj<o 4jaL^l 4 W nil! liJ j i\jui 



(iSkiii! 2^ jJijj (>ajj^' c>4 '(positron emission tomography PET) jjpj jj^Jl 

.4j-aLi. JJ J I in' 4.<uaia. ^joloj ^ iLljjjlljjJ 

(fluorine- 18 jjlilL; 4(fluoro-2-deoxy-D-glucose FDG) jja^o^Vl oajlLa 

.Ju^y] V LuLj^ ajU^ jSLoui ^^n-^m*;! jjki jA O j .(4.5 Jj.i?JI) 

<i^J^ Ollau^ JjJJj .(39.5 J^iill) (JcUllI liil ^ t_si 4j3L-a]l 4jiJall 

q^^i} tj^j 'j^j ^j^' <^ — llAjl.:i» SjaJi UjJ^jj '+1 LaJ-^ 
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.0 " @ 



:39.5 i}S^\ 



4 1'w nil! j^^Siij iljik^ ? cons -5 ^gea^J^"^ ^f^^' (J^liill .IjjUj^ e^La^t Lolc. Ajuj! 



c>aU^^) 2.9.5 

liKali :s.La3l ^ La^jt^Jaj (jj:^. jl jliill NflOH -JJ^J' l.""'^ JJ-^J HCl ©LaJI 

(acid) - OH J Na^j NaOH_Sl cCl j H^j HCl -SI 

(jiLs^Vl liKiuj J .djUjjjjjU L^alo (base) (j^iLuiVl i_ij3uj 4 t— iLj_^jjjl3 iaau <jL 

ijAj ii-LajJall ^"^fl-^ll ^l^joij (jjSj li] .*.La]l ^ Luja. 4ijxJalt (JjuJi\j (jiLsAV) liKijJ 
jJll o^J (H2CO3) (jj^J^l O^J (CH3COOH) J^l 

o^n^ ^1 Jill jx i lW^-jj^I cjb J jKji ^ 4 (CH3CH(OH)COOH) 

jjji jSc. ' (_jic. ^jJaluij AjjJ^ l^l-J^ J-« yii- AilXj-iall (JjuojVI J (jlaLa^VI (J-aKiuU j . ' '"t ■ '— 

.Ijiin'l I j^'l 1 11 «i pH <jJa_j,aaJI (J^alc. ^^jic. plLVI ^^C- ^Laijj jj^jjjj^l CLllj jjL ialijj'VI 

csill (phosphate buffered saline PBS) cAl^JlL ISjJl JjkJI .illi AiJi 

.*U1I ^ NaH2P04 J Na2HP04 J\ AiL^I .KCl j NaClo^l ^ ^J^, 

JJijjj ^ V jl-lLo jA J tpH ^ ■ '— j/ia. (J^ls«J (JJLa^l i_L^jJ La I jAlSj 
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pH = -log[H^] (4-9.5) 

L^-uy .M jt mol/L 4j:Li.jj tj_>i^l cs^ lW^jj-^' cjUjj! jj^Jj jA [H"^]tjl liy^ 

jjisu H"^ SI jj^Jj J}»^ 1 jl-^ pH SI JJ«ja .AjjLaSI JJU-aSl 

<jjLJI JjSUxSI OH" —SI J H''_S1 jjSIji oJiSj j J£ ^j^) <^l>« 
[H^][OH-] = 10-"M' (5-9.5) 

.M J mol/L —J I J.lLi J jla-aSI AijoiS jjii^JI CjUjj! jjSji jA [OH"] tjl tiua. 

. (25 °C) 4ijiJl » jl ja. .ijc la^ 3jaaajL^ yjUxSl e^A 

jji^ 7 (> JSj ^sjSI pH —51 . 14 0 c> ^Lill JjSU^ pH —St ^ cjHij j 
7 ^-ojfill Jij J .<ij.AiLul JJLa^ (_Pc Jjj 7 <^Ac. Aijj ^1 jxiaSI J t^.^ifl'. J jUflll ^^1 

H"*" SI (jx <ijljail.li JJ.ilL<i (_jic. ^_5iSI ^U^l fLaSI AjSIoI qaj tAiLa^ J jla^ 

.10"^ M ^L^l ^Ul ^ OH-_Slj H^_S1 jUSii-Sl olji^ Jill c?jL^j . OH" _S1 j 

^ U^CjhJi) ^l^j jli cJjL^I U£ AjjaSI (jjLLuVlj o^Li;>.Vl lil^ Jl 1 jiijj 

jj (iLaSI JjS£ ^'--^ (J jla.,0 i^ALo -(^P^l (_>aAaJI jj^JJ CSj'-^ (JjlajiSI 

O.OIM jjSjiSI 

[H^] = 0.01M (6-9.5) 
pH=-log(0.01)=2 (7-9.5) 

ji ^jjj jjL^I AiuiSjjJjA (Jjla^ ni«i Ail^>iaJ (^jSlI (jjiLoiU pH SI ;_jLjri. (j^j 

O.OIM JjS JlSI 

[OH-] = 0.01M (8-9.5) 

^^^J.^J^ = m-M (9-9.5) 
[OH-] lO-'M 

pH=-log(10-") = 12 (10-9.5) 

: — J i^La JjLa^ ^ HA jilc- (J ^in' i liS^ ^1t»J j 

HAD H^+A" (11-9.5) 
HA (jia-aJI ^Lkcl jja. j^jSl»Sl (_>.uLuVl J iHA (jal jJI (_pLaiVl jA A" (jl tliia. 

.liA .iSkiall Jclij Ah<^i« AjsL^I AiauiSI ia-V .OJa. jjAiA jjjf 
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^ cj^^U^UoJI J gjl jjll jjSI j5 jjj (equilibrium constant) K OJlj^' -^JiJ 
Ji=>4 d 1-9.5 AijUJU t^l^l 0=*^ .(jjl yA\ JcliUI 

:_j jjjl jl»]t ^^yJi ^ aJI dkilll CjjIj 

K (12-9.5) 
[HA] 

4;_5 aJI^ .0 jjt I ^ K (J*^ La IjlAj tA^^^iaikia liKijll (JtUj J^ljj 

SjjjS HA \^ \ I ^4-=> in 1 Jj^JJ l^jlj JLojS'VI ^Ji^ dKijll JcUj 

^1 J.^-inn ^K^^ ^-LoiVI JjA^ JMI i j^j 'pH —SI J> J^j -K^-^ 
p^^=-log^^ (13-9.5) 

SjjjS 2.^ ^j^a^l l-i-aJJ t(M J) mol/L — J oj'jllall jj^ljjll (> jti^ cLua. 
^ "J" .'J K 1 ^J.'' 0 I f-i 1 "aj- . '■-'W i_yaja^\ ^ ' ^"'JJ • \ 0 jjt i ,-1 ^ "J" .'J S 

p^^_Jl J pH — Jt cj HA .iSSiS yu. ^ cpt, jA\ (jLojj .p^^— 5 S jjjS 

:Henderson-Hasselbach ^LLiIa - ^j^jHa aJjI*^ L»-« jLkjjjj ^j ^-.^'.ll 

pH = pis: +log-t^ (14-9.5) 
" [HA] 

^^ C)iji*Ji\ Jj»i» 19.5 

i-jjjxJI c(acetylsalicylic acid) CyHj^04 4f^i^L4A^Vl o^^^ J-^iojl :5jluu> 

^tijl (_jic. J^^ i^ajbU Vlj<i U^^Jlc. JJ <1<1 j_jic. Aljj La ijjJialVlj 

.^U (_HLiia.Vl (_^^ ajjLlsjS i j 4 (prostaglandins) (.:jUj.i£5l£.llaijjjll 
i^J CjLjS 4-aj (jSj ^ lij .^J^l ;jlLj Ja.! (> cjlcLoi 4 L«J^"^' (> 325 

^ LllS 1 .^1 . J J (jjjJj^VI (j-a (jii-aja (pH) AjJaj^ J-alc. jA La 

I JJj] 5.0 i^J^ (^^\ J J <ll.llJI 4^ jJa.jjA}A Cjbjj! ^j^j (jia Jial 
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: djlji (!) 

.'La^ j! iJjLia_jAll ^j^j (jt ^>iaj]l ^JafiJ Clulj i-^ijlj^nil L.ilyunVI • 
. (JcUjII jjj JjAi^l dlljjjV jAi^ ^Ji^ • 

.3.5 P^fl ^' iSj^-^ * 

.L J mol :<:j|.ia. jll • 
^ (HA) a!j^:5u ^I^Vl J^l (^) 



^lOOOmg Ji 



2(325 mg)| — )[]^^^ I = 3.607x10-' mol 



:(HA ^ Ua 4J1 jLUI €511^04) .^UjnnH,„ln,„Vl 
HAD H^+A- 

c^l^.3 

liJal Jial Ijiijj .Igiflih Vj jkiall AjAa. CjLiauiJI ^ :5JaI«-<J1 (!) 

(_^jLiij A"— SI J H"^ St CjV (^l-^Vl AAaJI (jU 4^a1I (:jUaj.<i 

• f^l AjSLuJIj 4ja. j-aSI <jjlj-<i (_jjSaIx-o (JI jaa^l ^ '"'^ I jS j il^jL-a 



507 



"cons = n^Kf - nZ, =HA 

•«cons</-5^ 

pif,=-log(if J 

K =10-P^. =10" =3.16x10-^ — 
L 

< = 3.16x10^ ^(5.0L) = 1.58x10 ' mol 

3J.lUi-o (jjl jjjlia (jiaJjjtJJj tljV j-o JAxj 12-9.5 aJ^^Ix-oII 

Igjjj AjajoJI 4jjlj-<l 



(n^,) 3.607xl0-'mol-/i^,„ 
n_ =1.72505x10"^ mol 



1.58x10 'mol 



V iH""— 1 jjS Jill (JL«la.l cpH Jjk-»11 JxW t^Lo^ • 

V.,.., 5.0L L 

pH = -log[H^]f = -log[3.45xl0-'] = 3.46 

JjUj oju pH j>.Jl AjJa j^a. (J.iilc. ^yti\ <■ (— iLia j-o j j^j ^.^c. <JL^ : (_il jaJl (1) 

•3.5 LHji"^ 
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^ lij .7.4 (^jLui AsruUW JSl e^A pH —31 AajS iaJ : jiajll 

.IsJ La 4jJa_jA^ (J.alc. jJTjm (jj^jijoi! ^^^x^jfi J jljj ^jls ii^j^ (j^ 

J>« j»jJI ^ cttJ#"Vt Jj**- 20.5 Jli*!! 

JC-Loij 4 |jj^>JjalVlj t—ajj*.*]! CnHo04 ,i.K"<...S/l jJjjU]! (JjljjJ Lalli. :4JLuLa 

: (bicarbonate) 

H2C03n HCOj+H^ 

H2C03^.J (^ HCO3 j^U^ c> .HjCOj^^j^l oij^ HCO-J 

.NaHCOjj 

?(_^ J.*]! IIa J _jJ (jJj-^aji (J jljj .ixJ pH jiJI 4 j^i't (J.<ilc- jl.iL<i jA La 

(^ Ijj^ u' .^ajoiaJI ejlj=^ ^J-^ .Ijc. 6.1 <^>»13 p^^ II 4^ ijju^ 

c> 1.4x10"^ mol/L AikiUl NaHCOj t> 2.66x10"^ mol/L ^ 

(JiaJl (^ i.uA (^i]| H"^_!l (> ujjjil J.iia J.«la,l .i^ksHj] Jit. H2CO3 UJJJ^I 
ijA CLlljlJ 5.0 <_jJc (^jia-i f^jaiaJI (>="jjal .H"^— 11 Ujlibl JjLi 19.5 

^M-n"! . 1 

.(jjj^Vi 

.I^ljijnnll iillj'inlVI (J^<^^1 liKiill (jjljJ (_jij.<ill -^J^J V • 

.el lit n\\ Ca!ic.liall sLulaiLj ^»all jjja. jjAi^l CjUjjV j1. .-i<i JJ • 
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.(.b NaHCOj-ll ^ • 

•3.5 cSj^^ (-^IjIjiimH niU'ini'Vl (jVifl^l a :^ljJaj djLojla-a ^(_J^ 

lilll^la. jll J jj-jll J Cjl^yilall (til) 

.L J mol :<J-«^I • 

ifjl^ jA J 19.5 Jliall H"^_S J.iiall i.uA ijj^LiiVl (lij) 

.1.72505x10 'mol 

HjCOjD HCO' + H^ 
NaHCOj ^ NaVHCO; 

HA □ H^+A- 
.CgH^O^jA A- J C.H^O^jA HA a! ^ 

: I ll nl^ .3 

CjVjUl-II (1) 

l^ja (jAll lilij (j-a l^litJ .Loll LSj'^'^ CS^' A-ajialall ^ ''^ Ajjl iaj • 
.H2CO3J HA LaA CM^XjJs JuJa^ liA ^Jj 4lil.i=^j .(19.5 JUall) JJ- 
pK ^ ^^■'^^ HjCOj ^ hn'lllj (jXfl^ jA (-^Ijijiiijll nilriiiiVl jj^n'k j 
Jj^j (jt (_jic (j-aii Ajl-ijiiin Aji r-i^ ^jJa_jj ^ jSj <iS3il .(6.1 J AjjlLo 3.5 

(jC 4_<ia.U3l H^ SI djLijjl (jl (_>uLjiI (_jJc. 4JLjiaJI oIa I ' it I • 

JLls-UII) JjL^l HCOjCjUjjVI ,*-« .la^lj ^ lilkilall i^UjnJ nil/lmVl 

4 jA di^ (> • H2CO3 ujjj^l L«j^ (^ .^KVi.ll NaHC03 1> 

^-N.''^ <\ t a 1 L ^ t^^^^j^i i it < i-^\^q"i < lU L i\l . . ^ ^1 

.CjLjS^)^! jjjj IaiSxj Alii (_jj]l Civltlidll J .a_)^l Cliljjj j^>JI 

^Ljjj .4 "i-> Mill Cj^iAiLM liiiin La l^Aj 44-a_jJaia]| J J.i^ .JJC > ' \\ ni (JaUj V • 

U .(.iKiill t> 2Laa.bll cjUjjVl Jit) H"'cjUjj! V 'AiLuJI cjUi«.> ^ 
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3' 3' 



H2CO3 cjV J- Aijl J- Aijl*^ J 

(j^a-aa. ^jc. ^Ull H"^ ^ JcUall ^Sl^loiJl HCO3 l^V _^ (J 

ei iUl H2CO3 J- ( n^^^_ ^^^^ ) <^UjnJ .nl/lnlVl 

■("HjCOj.gen ) 

JjSI Ji t^j^ .^^j- ^ oLLx^ H2CO3 J HCO3 _S Vl^^^l Ji^^l • 

«H^o,,o =0-133 mol 

.J AaiA] NaHC03_!l o- 

"Jco3,o =7-0x10- mol 

siA LuIjjjI Ijl^ 19.5 (Jlall L-lj).ii^ nil H"^t> jl^ilall JnT'u.nj • 

"h' f = "h' 0 ""cons = 1.72502x10-' mol-n,„„, 

: CjU jj La J 

<co-,.=<co-,o-«cons=0.133mol-n_ 



: H2CO3 ^ o J • 
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pis:^ =-iogis:^ =6.1 

= 7.94x10'' M 
i,:^ = 7.94x10"' ^(5.0 L) = 3.97x10^ mol 

jl£ til jj^l Jilt (>» '^■^ "^^^ J^'-^ 'oj^ (jj JJjlLa (jiajjsti UjH^Lj 4j1 jkij • 

^, _ "hv "Hco3.f _ (1.72505x10"' mol-»^„3)(0.133mol-»^„„J 
«Hrco3f 7.0x10"' mol + 

< =3.97x10^ mol 
„^^^^= 1.72478x10"' mol 

"n'f =«H''o-«cons = 1.72505x10"' mol-1.72478xl0"'mol 
= 2.7x10"' mol 

jjc. j^l^l L_il jaJI 
: H^_l ^j-ll JyS Jill JL«la.U Jjl^l J^U^ ijn.^jj • 

[mr = ^ = ^-^^^^""^"^ = 5.4xio"« ^ 

5.0L L 

j<aJl J jj pH ^\ (J-olt c^jLi^ 1^ 

pH=-log[H^]r=7.3 

2La-njll .4 

•7.3 (jjj^^Vl t> jji-a jS ^^jIjjI 
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(jx Jjp i-^ljljuijH iiil/uiiVt (jJa-a^ i-^Kfi (jc A^Lill jjJ^ JJAM^^ Cliljjj! (jV '(-3 _j<4ll 

. HCO3 -II ^ Sj>«^1 "'jj-JI 
Sl35 Ailii^ jjjli. HjCOj-Ilj a!j^.Vl (> .^^t jll J Ail 

QjiA ^^1 ^j! Jj oLujVI jj^l t>«j . uj'jiJ ^jljt" ^Li. J 1 nf^n ^jjSj I— ua-J 

S.lLy <Scli Ajj!)l2ijLol dll jiai. (JjL^aaJj i7 (>o S-^J^ (J-olc- ^ liSksjJ j]l ja.Vl 

.^J^ I .-ill JL^^I 0*°^ ^-^1 4.iJa_^A^ (Jxlc 

^Uais jj^iii ci^m 3.9.5 

j"'-^^ Aj3 ^ Jclij ^ ft,luiSVt J ..^l ^l^jlj a im's! ^LluSjj^I ili^lij^l j^' •-" 

(Jjliall (Jclijll jA g^l^jVI J -li^j- Ljjj! UJ^j Ji^! J '-^jj^j («-^^ U-^) JLloj^' 
Iaj-^s jjl .UlLui Lj jj! (jj^j _^! j! Ij J^P^j (oJIc (jA!i-a]l JJC. jj-a) JlxajUl (_>Jii?JI AjS ■ _ ' ■ 
Jc. .4jjLl<1jS JJ^ CLl^IcUj ^1 jj ^ (JilUjlL JiJI J j>jl^ jjl Jj <jJas3l jjl (Jj^ J ii^l 
^ (j.i»x3l J (jill JjiaJI Jcliil Laiia. Jj^l Jc (jjlst-all !i^ tjllall JjJjo. 

Fe^'^^fi-ajl (Fe) SjiJluJI Ai^I CAl^j^ ^!jj t,^! .<^La]l Jj^jj *l j^l J (jjauoiSVl 
(FCjOj) JJ^I ALuiS! 4^ J -O^" Jj ^JJ (O2) Oi?^^' L«=^ J 

ujLiaiJl J 4i«l£31 SjUjj ajSUj^ 43Ua Jj ajjU-j^I aSUJ) Jjj^jj J*£ 

c_iiaaj sjLaJl (cathode (..ta. i_iiaa ajjLLjII J .4j j^JiAll 
cjUjjiiiyi Jj jll AjLuiA J .o^S/l «^ J..^vj (anode i^.^n) 

(jS^j .^Jc. iasLaJj aJLuiII j ja]| jjilll^l jjjj JL^)^ U_?^ ^ ^' ' "'^^ 

(Jjb jjp^yi (jV 'tS^)^! '^J^J'^^J" j! ^Wj^ a ■>"j j! SjIj (Jjt Hi'l li* (j_j.oS3t (JLaaiuil 
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dilcLuJ Sj-^aLkJI i»jjill3l ClUjUaJ (j-a 'jijJI JjSj]! \S^^J CjUjUaJi ^1 jj^ 

Jjijll L^iLij il^lj tCllI jljnill ^ Al<i.T.luLa]l CllLljUaJJ ' 

. . ^^.^fl LllLjaj^j t.\ LllLauJa^j (jiajj I^Aa j (<Jj±aJI 4^ulall '"'I jj^-^'^l j 

(J-aC 1^1 Vl'lniJ 4j^>JajJl ^jU-a3lj . juJ)!\ (jjlijlt o^L-m Cjl j L_llall (jliik ClIiLij^ j 

I* jjjjlil JjJ jj AjjUaj JJ 21.5 Jlia^t 

(j^ajj jJaia ^jij] sjlc (lithium-iodide) -^-^J:! ^^j'-^ J-aajjoii :5JLuw 

^iLaC. AjjLkJI JjJiJJ I jlln'lj t^xuiiJl ^ ^jjj S-^l (J^ fJ=»i- (j^ 4^] 'j^J •(t~40.5 J^l) 

: S lisj ^» jjjjUI -iJ-i JJ ^jLlaj j>l>JI JcUjJI J — 

2Li + l2^2LiI 

: jA j J' j ^iil Jcliiiil ' '° ■ ^L^jjj 
I2 + 2 e" ^ 2 r 

Li Li^ + e" 
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(j! jLoj 2 w I ii^. 1 J .(uj-40.5 J^l) -j/'j^'' H..-<« ^LojJilall :JaJl 

:2— 9.5 <j3LiJI 4 1^. .all aJjU-o JLuLLoil LiiLoj t '^t . .^<<ll jj.o 

^-,gen-?-,out=0 

?-.out=?-,gen 

t^f) UK A.u£tlj ^jinlll (j! J\ i jJijj .CjUjJKIIj Li"" Lk .iikalj ^jiiJll J (>l jiaU 

0.5 g sUaa-all AjjIJjjVI <iK31 JLa«lujl Uj£-<iJ 4 1:1 CjLijjKll .llljjl (lill^loi ^JJJjUI (J 

jjlij ( _ ll I ii»> ^ (>°J (_>JiLui! ' _ 'I ■ ^ ^^jaJl ^jjj ^ j/'J^^^ (j-o 



^:^ = 0.072 mol Li 



6.941 



mol 



2L«jikiJI jjUj (-) <JLJ1 J .Vj- 0.072 csjLoi ^jAiUl Jil 

?-.out =?-.gen = 0.072 mol Li =0.072 mol(-) 

f 964 85C^ 
^_ out = (0.072 mol(-)) = 6950 C 



mol(-) j 

.UK iSJ^ 1 fl'ni Ujjij (jj^J^ 7000 (_5 jUjU Ajajoi ^j/nlil AjJjj AjjUaJ ^Ut""i lil 

jjSj lil J iUjjSj jj3 8000 6000 (>> ^juLill (_iiall (_>:ajj ^Jaio i^J^ 

.V jil-ii UjI 
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(JLaaiuil (J I iiiaW Qji jjj^ <aUall .Ix^ ("ll jKir ail Lilii.j .4jaiij CLlSjll 

:2-4.5 A^Uj^llI AiUJl <JjI*J a;,, ^11 

^ J at 

.4-4.5 aJjUJU sU«- aA.\<:A\ Aiyr^Wj 

:4jjljj^t aSLUI jj J!i«-<i jLou c4-6.5 4Jjl«-<Jt aJfall Ua jj .CiU jlaJI j 
Zg,,c=^"v. (2-10.5) 

^ jjjxo jA Lai Ua J J .<ja^>]a (jjj 4ii3 jill jA J J' ^'-^ JJC jLall jLiill jA / (jl (.ilJ^ 

:4jjL:j^I AiLkl] J - ^'-'1 '^M^'-'l J^isix (^jLiij «6-6.5 aJjIxJI 

E^e,ec='"V« (3-10.5) 
^^elec U:*'^' -^^-^ i^ll(;-uii«ili j. ^itil ^^Jc SJajL^I ^ jill jA V jj t-"^ 

Ai^ii^l ^ JjI tlLa'ja (JjU. jjjill J (JjU.! jaiaiVI (jU til lAcLkijail LaA ^Wgiej. J 

:4jjLijjjll 

P=iv (4-10.5) 
.ajU jill ja V j ' jLiill jA / J J Ac-LLloiVI 4^ P uj 

j-' (_SJ=S Cjliuii: AjLjJaJ j^"'"'.-^ t^iaLill l^A La! t8.5 ^Jalall ^ji ^ i— ^ 

ljM (>aJ ^kLt ^ ^ jjiiUI JjJjj ^Uaj 22.5 Jli»ll 

.21.5 Jlj-aJl ejjSi.all lillil 4 jl ni n ^jAJ Al.^ JJ AjjLLaj (_llaJl (jiajj pala I^jLuiA 
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jS .(l_J— 41.5 (J^J^I) (jjla jlixi ^ Aalia ^^ilaJ ^aiala]! j AjjLixl£ jJ^I Ll^^^I A^i-aj 

jku V) 2.8 V ^.ic. Jja. AjjLkJI ^ jla Jjj ^lij iV g S jWI 

2La jlia AjjLkjll ^ j .tSCiljaiVl A^jllo J <AiJ\^\ AjjUaJI ^-ajliaJ ^U. jjLall s jWI <u3 jS 

4jjLl4jSjj^1 liiLiJI LIl^IcUj (j! (jiajjal .(UjJaj JjLuiall Ja. jjj^ LJlc. IjJS aIi .^I'm 

AjjLLjJI <Jjjl£ lit .lOkDcSjL^ j'-'-*" <!jLkjll (jAjJa 

(jiajj ^Jala A..^ jlLJ j^l jl.iL<ill jA La ' ^» ■ .-"^^ ^ (jA«-<i (j^ 0.60g (_sJc 

^XaaJ . 1 

Lalic 'j<V-..J Sj^l J A^U=i..VI J t-Jall (Jii-l j]| ^jliall (^) 

.till jiui 10 J t— lljiui 8 AjjLkJI jjac (jj^ 



Pt 

r Li" r 

jJiiaj (.jiuill JjJjj loiiJ :(j-41.5 Jiuill lJSII (j:aaj jJixo :i-41.5 J^^' 

. (jiiA jlLa J ASUa ^jla j_jic. jJiaJ i— llsll • (» JrPi^' A!-^Ji ^ j'-^ ^ J jj-aj* 
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^ aJl^Ij c((_r-40.5 J^l) ^jiylll l^L A^jkiJI cjajc tlua. 421.5 

Oiki .2 

.^i jA^] ^ J^' - ^ ' - J SjjUaJI • 

.^LaLlal CjULu V :AjaUial CiljLij(t_i) 

IiJjiAi. J CjI jjij^ll ( d) 

.V cC cmol • 
•.qAJ^I i-i^ l^j 4j.jA}M 0.60 AjIjjII <ijLkJI c^^iau :(_hI^VI(cj) 

n,=^ = -^:^ = 0.086 mol Li 

6.941^ 
mol 

.^jAJll V>« 0.086 4^ 4^ jlsu jLkjll jjj 

I2 + 2 ^ 2 r ^ 
Li ^ Li"^ + h.^iI I 

^La^ .3 

aJLJI AiauiJl Ajjj^ Lulxy c21.5 Jliall Jjt <_sit I^JjlxJI (!) 

:<jjUJI ui ^1 W Aiz^l jIjL. 2-9.5 

E^-,^ -Z^-J +^-,gen -^-,co„s =^Zcc 
k j 
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elements ^ 

loop 

V = iR 

J dil^ V J <^ JjVl <^ jiiiJl ^ ijLSl V c21.5 jl> ^ • 
SJ^U-a Jl UjLoj 111 j iLjja ^1 jjj 

?-,gen-?-,out =0 

I^jAiillI ' ^ oJjla]| A^LoJI Aja-uill ^ jl ■ 

:0.086molLi| i^i^^lf^^^ | = 8298C 



/ Imol(-) ^ 
l^lmolLi J 



t mol(-) 

.CjIjIu: 10 8 Cy L^-^ C5^ 

(jjjlS (Jiij 4jt J ejSiuKi ^JLa. 1^1 ^aixj 4<jjl!iJl 'Ln^jJalall (J-aaJ La ^ j • 

Z^elemen,s=^B-Vint-^L =0 
loop 

(>» (j^ljajlUj .(-llaJl (j:ajj ^Jilo Aiajl^l ^iiljill jA J tAjjLkJl Ajli-Ul 

Vi, =ii„t^int+^'L^L 

.iJJ\ jjc jLall jLdl jA i (j] 
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. _dq _ 8298C r lyear Y Iday Y Ihr 
' ~^~8years[365day J[24hr J[3600s 



:33nA 



.01 10 

i?, =^-i?i„ =^^-10kD = 75kQ :c::l>u. 8 ^ 
/ 33 nA 

.98kQ 

4( jLlJ (J£ji (_jJc) ^ jVl 5-0 jliiall ^jUJI ^aSJOA VWj*^ ^'-^ -^JJ • 

ajjUj^I aSLUI Ajjl J- Aijl*^ til .^1 jii J 4iUa liU^ Vj 



Z^eiec=Z4j =^v =(33^A)(2.8V) = 9.24x10-^- 
,^_^\ ^ ^ J 2uiLkLa,VI ^ .7.28x10"^ J/sSjiii-ll 

■ Ig ni4'l <JjUajll (JAjJa ^^W^) -^-^J 
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9.24x10"' J/s J JjVl <1UJI 7.28x10"' J/s ^jjU^JI ui ii ^1 Sj^l J 

I ^""'^ ■ " JiJ^ oAlLo (jj^ (jl (j^-aJ ^j'—;'' '-'1 ^ « ' ■ ^ ' 

AjjI jaJl jJ>]) S jjS j\ AcLkLuil 23,5 Jli»Jt 

(jjalja-o ^jjj'i H <i (JJ^Ijlu AjjI^pJI 'lA.jJ^^.all L_lSjpjj .ejl^j^l ^-^.J-i ejlc (J-aatLuiij 

^j*-^ J' ojl^)^ ^-^■J-^ ^jj^UI ^jJajjj .Uix j^^" (!i\iL<i (_)iiLaj) 

jiC jLall ^Lill jLjj]! J^J '10 mV i^^ia. Jx^ jja ^JjljaJl <JllU.jjjJI 

r<A^ji<. m AjJ jsJl AilLlI Jjj^ jA L«a . 1000 n A 

J f^' J" .(42.5 J^l) ^ jJJaJI tji,. S-o jlilall jj^ I JaJI 

:<ul jall JjSj jUll aJVai ^Lkll aJ jj J:i«-4 

j k 



521 



Yg,,,, =(1000|aA)(10mV)= 1x10-'- 
s 

^jJlIII liA iiUaJI L_iaj iAjKll 4iUa31 Jiliajl (jjSaj Ja.! j>4 jjj (_^JjaJl 





- + 






0 V 0 






B 




i V X/ 





.iijl ja. Sji. jjj^ 4-0 jlila :42.5 Jitill 

Cogdell JR, Foundations of 
Electrical Engineering, 2d ed. 
Upper Saddle River, NJ: Prentice 
Hall, 1996. 



j_jJc. ^ jl ^ '^ijJ Jflll J jLull I— i ^^_yjla (_3j_'^""' .A-ai^Lall ^jajjiJl 

Jj' iLiUj Jj'-^' AAijoikil eJlLall JlUjlj ^Ijiia 
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^ILII ^Jl>. ^jUl. ^ a^^i-Vlj Ailiillj ^jaJI :5.5 JjJaJl 





+ 












^JJ^J ^LoJ 






Sialyl 
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^ n i «\j .LliljjjVl clil jjaj i_ijjtj s.U3uLSt jjAjJa tliljja jjc LpLkil Ullc. iJjUjjVl (ji^iij 1.5 

< < U.a't ... ^\ \ ^ ir-. ^ \ .^sm \ \ ^^JJC f ** \t ^ t . ..^ \ i ^^jj^ A a ^l^f iJlji^jjflli 

J J jji^ sUal) jjSj 4jLaJl Jli (Jajjj H"^ jja. jjJja cjJi 4.9x10' J 
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At^l ^ L .6.2xlO"'^AcSjL^ JiiJl jLull o'j '16 A 

10'',>oJj .Ij-k^aaJ fjc Ajj-> MM II lIiU jjbU 1 (i 1 1 L»*^ (JJJ^ liiLkll <jjic.! ^jp 2.5 
La .tllljjxo! 3 cSj'-^i cS^^ jM^^ l}j 6 cSj^-":! ^ '^JJ^-^ Ajolji jj! (jjajpsl 3.5 

jtil^j^ (jtLojli.) 1-43.5 Ji^l u:Ai>^^l Oijj jWl (> Jil (> ^\ 4.5 

.(Ucjaj (jV JA (jtLo jlLi) 43.5 (J^jiJI J (\\\:n\:n\ 




.4.5 aJL^I Sjb LLki_« :43.5 jLiill 



311 



2n 

-VvV 



I 



■AVSr 



:44.5 Jl^iJI 
.5.5 aJLiaII 
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jUiU cjjiSjjS j^jj^ ^ (jjjli (J-atioil t44.5 4^ <lnJl sjl^l (jlaljiaLj 5.5 

t_UxiiJ CjljUl ^iLaj JLaaloiLj sjLall J AJj^l ^^SJu cjj.^ j j£oJ La Uli. 6.5 

^JJC. jLall jljjJl cS-^AJJ • U/' ^jjViT I >i jjjj (jjillj 'U->*°^ (J^>*^ 

^ (jiaUajl aJj^I (JfiSj fLli! J iiiUi jljc. (^Jcj .l^jlc Ajiilja iajJA 5-4jli4 

(jaJdl La-ijAJ 45.5 .(S-ojlLall) AjSl£l5.VI >-aU*JI JJC U^J^ ^ iaijJall 

^- ■ AjjjjSjII ^1 tlijiatl J .<lJJjll Ajj-a.i]l ojjJlllj AAxuoiaJI Ajj-aJI ojjOll JJC 




jjjUl lial^ (J (Jnj iiaij-illl Ja jJ^ 2\'<\\ j2Jj iajjj 4j.iLj«-a ^ jiloil (I) 
y^illa ojyu.ia ^ Ja jialall (jC. J jij (jl lilii^ liLo iAjjl jjl] 

J (jjljjj 5 iSj^^^ ^ <^-^ ^ II Aiajj (jlj Iji fill (jjij] ^jll (j' L>^J^' (m) 
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sjj jA J 4(Wheatstone bridge) CiJ^^ j Lkkk- 46.5 ctty 7.5 

1"^-^ -'I ^ G — J jLLall ejWI J14j .L£jjl%<i (JL^I jaij 

cjli tiiljUj (_pjSj jL^ jA J 4 (galvanometer) jW 

^.istjj L<i.ijc 4-0 jk-all CjLo jlUt R^ a1 Ji^\ 4-0 jlLJI 4-oji JAa. iAJj\ jill j jlill] 

4^ jj ^ <Lojllo (j^Luj sjl.: j,.^ ^ (thermistor) <ij ^ jHoll 8.5 

dR, _ ^xR, 
dT ~ 

.(jaKlL ojiio ejlj^l Aji.jJ ^ 7" J AjjIjaJl 4_ojlio31 o.:Lo CijIj jA P Clira. 
siA J 4 JiJall jjiaj ^_jk. 4jjI ja. 4-0 jHo ^-Ja jj igJAi. JiL 6jl ^J-^ O^Lialj 

4ja 47.5 (JSjjJl ^ tliJ^*^^ ^jj'iniUI J (>» 4-ojlLoll 

SOOOQt^jL^ '^Jj^\ jl (>j .^,=^2 =4500 0 

^UK ^ULo ^ jLJI jUUI ^! lil . 4000K cSjLoi! UjjLo d^jlfi Jj ^ 25 °C ^ 

Sj A^jJ ^ Lo 4i?3 = 3100Q Lo^ \ >^ 



(jj'uihlj _>ui^ :46.5 jS>u>ll 
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I 




:47.5 Ji*iil 

4-0 jlLa ^-a ^j**! mini J 



J jUI J jJall jjxj <iuu AjL LiiJaLij £ Jlxij^' (_jj*Jj .l^jit sja (jjij-i"! jj:^. sjLoll 

(j^lio ^l^i U=^jj La.j i-48.5 J^l (i^^ .e = AL/L :L ^^Vl 

^yij ^Ijill A£ja. 4<-ojlioll t^SLoiVl ^JJ^JJ ^jiaj .JUijVI 

i?j (jiLojlloll ULi ^'"1 4 jUjijII jaj ^Ij^l (JjSjaj lil tjlloll JjJui .4-ojlio]) A-ojS 

,jiioll A^LoLo jL^ ^ JjUl ^ cUUJI iaUrioVl lS^Ajj -^^Lolo UfllkLol R^j 

Jliu (j! (j^-oJ lilLJI ajj^ lillj (_jJI ' "°l ■ .l^Lojllo jLiJjl til^iLaiSU (_jjLiJaj*Jl 

i?2 (^^^ JUiill JjlJall ^n^l Till (^JJj 44jaiaj dja jll . p <jc. jill <Lo jlio Liajl 

(jL^ J) Lo IIAj tLo^Jaialo A:^Luui jLl^ljlj iLo^jIa (j^Ljj iJj J 

AL/L 

Jaa.V .4-l~48.5 (JSjill LiJf*^' (jjluiJalj ^J^aia. 4 Uniijj lIiLojILoII CjIjjju (jjilijj 

<£i ja3l (jiiUlo JnT'lnij Ajf l.ic Lo 7.5 aJLiJI ^^ lillil A^Ulo 

(J ^j.oll _j I r-<"lT II i^^C Jajl^l (j_j.o^l L3 Aiiljall (jjiLlLo (_>ujij . (^Ulc. (jjiLlLo (j-0 
jLoll jLoll JLoAI jl-oj dlUkJ l.la. SjjjS AjoI jsll (juLilo 4-ojlioj .Ljcjij Ajix 
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jx-j : 1-48.5 Jl^l 



CobboldRSC, Transducers for 
Biomedical Measurements: 
Principles and Applications. 
New York: John Wiley &Sons, 
1974, p. 121. 

Bartholomew D., Electrical 
Measurements and 
Instrumentation. Boston: AUyn 
and Bacon, 1963. 



.^uljill j^LiLaj jjjlLaJI (_3^ J* ^ 0 -5 '^:i^J^' (^f" tltJ^ 

(J-olc. I iiT Till (j-o Acj'u Ki<i (JllLajlLall liEiLji! jj! (jiajfialj 

^1 <^.^y«j lit .(Jjlji 10 i^J-^ ^ynW 4ii3 js ^j! j = 0.47 o^LjSlI 

JUijI jIjIo jA La iSjSlI (JjJai (jJ^ 15mV J AjdljsJl (JnUia Ijjll 
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. I \\a\ \ ^'^s's ^ s-^ 1 ^\\ \ \ t \-*J \ ^J^aatluij ^ a t^l^ ^ \\\a\ \ a^^^^jilj ©.l&LuiAJ (JLih^JLlmVi 10.5 

^1 j-aVl (jc- (»a.UJl sjljaJl A^jJ ^UjJ S-iSI^ iAj^l Jj*^ ^jUJ Ly^jl j .(-ilSlI 
l—ilbj .e^>iaja3lj ^iaiij^ <ij\j^ JLaaluiU Ullc. <JjjSj^l 

4lj-<aj lie t (J II I n't' <L-<aj ^ lat-o (jxo jaXo (jjalii-o (j^ 4jjl__)aJI 

'(Seebeck effect) Jj«i- <.^-4^ s jaU^ L_iiaijj .(49.5 lK^I) 

Ali^jll .lie lilJj (_jJc.i (jiuii-t'lll Sii^ J Aic. 0 jl jaJI A:?.J.i UJ^ Loijcj 

3-ojlLall ^ Ucjiij (J_jj-a_j-o ^jfiJ j3 O^^J^^ i^^'JJ -Sjl-^l JJC. jlli ^>.aJ J"^^ 

1^ J iAjjl jaJI (^-^ <_ylc. S AjjoiLjtaJl J.<ilc. tly^ 
. jxV J J-^J cH'l^l 4iiJjs31 jA V J 4°C J ejjlo (jiini->'ill aL^j .ijc. ejljaJl 

45nV/''C (Cu57Ni43) jlijllx^j^l j o-UjJl V-^-^ J-^ c?J^! 
U^jll sjj^ lil .[9] 20°C2LjjU.« r^2Li«.^l iJj^J 

ijj^ A^jj Ua i 3.8 mV 




^ jUaj ^ phonocardiograph ^Jall (jiajj Jj?^ <J1I ^jj ^ 11.5 
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(j! (jiajfial .4^lnill (JujLo cAjtSUa .tjljS 120 i_S_^-^ Ajiil jS 

i^jjjjSj La SjjI jll (JjLojllaJl ^ :^Jaa5L») j> J f^-^^ jl^Vi jajot?. 

djjl JjU'i (jjj Cjijl 5 AiUJI jLujVl A) Aji-l J jllo ^ jLiU 

Ja .4 JJfo^ (^4^* 3 JJJ^ (jJ^ f^^W J*A! i) aJl.^xla 

Jj i^J 500 c^jLoi JA^I J J iUj 750 (^jLoi ^1 ji 

illjl l^Jsuij) ^ H • <Sj^)Ja]U i^j^ -^^j M ASjAi-a (JJiJJJ.^ '—'JJ^ (^) 

jLull eAjui La .^jIUiA* 20 (^jLui Iji^ jlLo )i<i diljUa (JLutijilj jj^j 

Jiil) li^ <A*i\\ 2LiJV) ' DNA —SI J uJ^^^ 12.5 

liUi l^L (_ij«J ^JJjjaJI CjUj jjj^l DNA SI JLaajjjl (j£-<ij i^i jjji-a JJC. 

i-JJjJjSI (_ylc A^USI i— ilni'k nSlj tllUjjJj^yi O'J'^ ti^l <jliiSI J ^JxJl (j^ JLa^l 

liSj 4^1jj^I JUSI AAJn DNA -SI J ^ JaiSI aJI oUjlij JjlJ t^ji=^l ^jl 
DNA —SI jUSI jLilSI (jjj 2i£>l*JI J o^^WS' ■^jj -"ciAi^^' "^l" 

•[10] IjJjSi V° J UtS^J^ oh AliiaJl AjoS jsSlj 
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2Lj^jVl Aiiai-ll A-jli. i.ini^l 4[11] 50.5 a!f«ll Ju^l; (1) 

50 jUill SA^ diill lit DNA _St ^ s^JuJl Sjjill J AiiU^VIj 

(^^^ ^jjLuJI (_1jL^j1I ^ (Jj-aa. <j1 UJJ^^ UJ^W ^^^>?-^ ts^^ 't'jW-^^ .') 

J A^Lki^VI J ^1 ^ JjUJl ^1 ^ J DNA -11 

13.5 

.(t-51.5 J^l) jliillj ^jl^ ^UJl Aiil jall ^Ax^l 

.Ljc^jij jj^jx^ya (jila jlLi j_jic. jLiill ^jjiil (JnT'lnn ojl.^ jA jLiill ^_)L<i(t_!) 

.(^-51.5 J^l) Wit AiUjillj jlL. ^ jUll jLiill 



: jA^I .DNA _!l 2Lul jsllj jUll OH ;£>UJ1 :50.5 JS^I 



Douglas E, "Electrical conductivity in oriented DNA." National 
Nanofabrication Users Network, The Research Experience for 
Undergraduates Program: Research Accomplishments 2000. 
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4ii3ja iJ^J 6- Lj-52.5 J 1-52.5 o^^\ jtj J J (^_^ 14.5 

(^Ic. ^-J^J^l -^-"J^JJ - J^-J' ^ 1;^-^ <ajtj Ajolji Ajoljill '■^j^ ^J=>^ 15.5 

?53.5 J^l i?2 J ^loA-j^l 

^ 4ii3jall J (jjUjliall ^ 4<^54.5j t-54.5 jjKiill oAiJj^l jjj JJ ^ 16.5 

•.AS 

i?i = 5kt^, i?2 = lOOka, i?3 = 200 ktl, = ISOka, = 250kQ 
Vi=100V 

.1-54.5 J^l ^ cjljUll ^ (!) 

jjx^l 2L;aulU Uil jjxS ECG ^\ ^M' ^li 17.5 

t_5jLilj 4 — O.lSmV (_^l<iJI ^Ij^' UJ-*^ iSj^ .jaj.uail 

(JLk.a La .+0.93mVLS>-J' li'^l U->-^ ^sj-^j '+0.55mV ^1 j^l 

rA^\ ^ ^ ^\ ^u^i J ji^i jj 
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>3Cl 

_~ p ^ 5n 



(a) 



(m) 



-X. 



^ jL»j js is'j^ .51.5 (Ji*iJI 
.13.5 y'UolljLu 



1211 
AW 



2n- 



;3n 12V^ 



4ft 



-AAV 
9n 



,14.5 yL-JI tijj :52.5 Ji-^l 




.15.5 aJLoJI Jjb :53.5 jLill 



eUaa-JI (.IjULjJ) bLucI IIIj I jj^iiULJl ij^^ c> H O'LiLJl AjjIjS (_baia.l 18.5 

.II jjAiULall 4jj3 jS nt'u«n t_lla3l *Llj^ ^^-i- - .6.5 Jj-^l <^ 

jjSj jl .55.5 J'S i nil ^ <iuAll ojUl 2 ° '< - ^ 4jj ja^l jl.^ 

SjjJU CjLoj 4jjUaJl j! Oiajial .(>>jll J jliall j Ajol jsJl j AjuJI 3JV^ AijU-all 

CjI^) oJJj (^ilniinn ujl^) (!) SjlJ ^ 201^^1 ^\ 20.5 

• 56.5 J^J^I j/ininll (^JCjij 
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.Lsix La^ ^ AjKII Aiauill j 4 jijiLiUl ^ jiij jji-JI (^q^ J ^1 ) ^ ' "^^ 
.V J C2 J Cj ^Uyi ojSj 

• Cj J Cj aJVAi C AjsUJI 5JjL»-a ^jiJLail .V Aiil jS 




.16.5 aJUJI LkkL., :54.5 Ji^l 



I 

L 



■MAr 



:55.5 

.19.5 aJIUI 



'^jh Lkki^ :56,5 jLiJI 
.20.5 aJUJI 



:5.F - T T T -T I 



:57.5 Ji^l 
-I .21.5 
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^ '<juJ\ ^jjH 457.5 J^l 0) ^IJ^I 6- l!S 21.5 



. ■ , iVqll tLij^ Itki^ ^ 111 J 1 jaa^LLJI lliil jk :6.5 Jj-iaJI 



(mV) III 4^11 >ll 


(mV) I Aill >ll 


(s) Cj-J 


(mV) III <nl >ll 


(mV) I 


(s) o^J 


-0.15640 


0.12222 


0.36 


-0.06866 


0.00915 


0.01 


-0.15610 


0.12619 


0.37 


-0.06989 


0.01464 


0.02 


-0.15808 


0.14129 


0.38 


-0.06882 


0.00900 


0.03 


-0.15640 


0.15594 


0.39 


-0.05890 


0.01968 


0.04 


-0.16541 


0.17135 


0.40 


-0.07126 


0.02914 


0.05 


-0.16617 


0.18493 


0.41 


-0.07568 


0.04943 


0.06 


-0.16815 


0.21148 


0.42 


-0.05997 


0.05645 


0.07 


-0.17365 


0.23178 


0.43 


-0.05905 


0.07415 


0.08 


-0.16678 


0.25390 


0.44 


-0.03662 


0.06851 


0.09 


-0.17624 


0.28457 


0.45 


-0.07156 


0.06134 


0.10 


-0.17365 


0.31921 


0.46 


-0.08484 


0.04791 


0.11 


-0.15762 


0.35430 


0.47 


-0.07782 


0.04821 


0.12 


-0.14923 


0.39062 


0.48 


-0.07431 


0.03814 


0.13 


-0.13672 


0.41793 


0.49 


-0.07004 


0.01068 


0.14 


-0.12512 


0.44006 


0.50 


-0.06836 


0.00915 


0.15 


-0.09750 


0.42480 


0.51 


-0.06470 


0.00900 


0.16 


-0.06790 


0.36834 


0.52 


-0.05905 


0.00091 


0.17 


-0.04883 


0.28503 


0.53 


-0.06058 


0.00061 


0.18 


-0.03189 


0.18493 


0.54 


-0.05890 


-0.00061 


0.19 


-0.03464 


0.10940 


0.55 


-0.05829 


-0.00427 


0.20 


-0.03937 


0.05630 


0.56 


-0.01968 


-0.04044 


0.21 


-0.04105 


0.02822 


0.57 


-0.13580 


0.26550 


0.22 


-0.04944 


0.01861 


0.58 


0.36712 


0.57754 


0.23 


-0.04227 


0.00915 


0.59 


0.98327 


0.66955 


0.24 


-0.04990 


0.01037 


0.60 


0.71655 


-0.10773 


0.25 


-0.05615 


0.01876 


0.61 


-0.20477 


-0.17227 


0.26 


-0.05859 


0.02121 


0.62 


-0.12802 


-0.19013 


0.27 


-0.06027 


0.02639 


0.63 


-0.10864 


-0.03616 


0.28 


-0.05890 


0.02777 


0.64 


-0.12726 


0.05874 


0.29 


-0.06866 


0.02868 


0.65 


-0.13702 


0.06271 


0.30 


-0.06943 


0.02822 


0.66 


-0.13458 


0.06805 


0.31 


-0.06866 


0.02883 


0.67 


-0.13672 


0.07965 


0.32 


-0.06882 


0.02853 


0.68 


-0.14069 


0.08773 


0.33 


-0.05859 


0.02868 


0.69 


-0.14618 


0.09857 


0.34 


-0.06119 


0.02563 


0.70 


-0.15686 


0.11627 


0.35 


-0.05295 


0.05432 


1.02 


0.06165 


0.01861 


0.71 


-0.04807 


0.07095 


1.03 


0.05890 


0.01892 


0.72 


-0.01801 


0.06607 


1.04 


0.05890 


0.01892 


0.73 


-0.05524 


0.04806 


1.05 


0.05096 


0.01236 


0.74 
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-0.06958 


0.03921 


1.06 


0.05920 


0.01785 


0.75 


-0.06287 


0.03677 


1.07 


0.04883 


0.01419 


0.76 


-0.04929 


0.02838 


1.08 


0.04288 


0.00793 


0.77 


-0.04883 


-0.00793 


1.09 


0.04730 


0.01022 


0.78 


-0.05890 


0.00061 


1.10 


0.04929 


0.00762 


0.79 


-0.04669 


-0.00458 


1.11 


0.04913 


0.00915 


0.80 


-0.04868 


-0.01114 


1.12 


-0.04913 


0.00366 


0.81 


-0.04288 


-0.01984 


1.13 


-0.05630 


0.00137 


0.82 


-0.04028 


-0.01465 


1.14 


-0.05249 


0.00351 


0.83 


-0.04593 


-0.02029 


1.15 


-0.04883 


-0.00031 


0.84 


0.00808 


-0.05325 


1.16 


-0.05096 


0.00640 


0.85 


-0.10498 


0.21759 


1.17 


-0.05142 


-0.00122 


0.86 


0.31143 


0.56915 


1.18 


-0.04868 


-0.00076 


0.87 


0.95703 


0.70739 


1.19 


-0.04929 


-0.00031 


0.88 


0.81192 


-0.08911 


1.20 


-0.05417 


0.00671 


0.89 


-0.10407 


-0.18814 


1.21 


-0.05280 


0.00534 


0.90 


-0.11398 


-0.20508 


1.22 


-0.05936 


0.00320 


0.91 


-0.09186 


-0.07141 


1.23 


-0.05051 


0.00885 


0.92 


-0.09857 


0.03707 


1.24 


-0.05890 


0.00305 


0.93 


-0.10223 


0.04287 


1.25 


-0.05768 


0.00305 


0.94 


-0.10742 


0.04898 


1.26 


-0.05325 


0.00061 


0.95 


-0.10834 


0.06835 


1.27 


-0.05905 


-0.00015 


0.96 


-0.11780 


0.07537 


1.28 


-0.04868 


-0.00122 


0.97 


-0.11612 


0.07888 


1.29 


-0.05493 


-0.00351 


0.98 


-0.12589 


0.09246 


1.30 


-0.03983 


0.00793 


0.99 


-0.12680 


0.09765 


1.31 


-0.06012 


0.01953 


1.00 


-0.12253 


0. 11413 


1.32 


-0.05371 


0.03387 


1.01 




'-L 



■AAAr- 



.22.5 yLuJI Uaks^ :58.5 Jl^l 



<a^)ijjai J !l -^-"^^J •^.'''"^1 <Jjljai-ii AjijJa <jj3js3l ^ \ I r\\ 
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:58.5 J^l 4> oj'n;.!! 

1 i K ni sLjS! Ai!iLaJ) Aiaui Jjia jA La = 0 ^ AjjLiaJI ClL^j lil (!) 

UuIj Ai^ jj AiLlLall ^ jlLJI JJC jLall jLjjll jljLa jA La (t-j) 

j> .L.^ O^a. ^ 59.5 J^l ^ (I) u^^ J^l cs>^ 23.5 

J lQ^^ a ^1 "^ii A .Ojl^l Aj^LLalll y tLoLsij AJj^aII (Jj^_ulj ^ 

? (>ijll UjIj JJ <a!iLall ^jiu frljjl ^xjliall JJC. jLall jLjjll jl.lLi jA La ((_l) 



-L 



5ft 



iZixF 1.5 V 



.1 
I 



4ft 



:59.5 



.23.5 aJLuJI 



(3^J 'JjUil Cff^-^' gl iiitII (Ji-y - 2 AjlaJI sLic. <a.laj ^jLaJ 24.5 

lIuIj ^ <SLi£^l l_ij^)XJ (J <^t"'i I 111 . niiril ^j.a ^^).a]| j"' -j"'''. ..U .^|jlijj£xa 1 ojlc- jLuij 
(>a Icm^ Aj jji-all <jJajlill CjU jjVI l-lV ^ J (^bl jli 

— 50mV(> AjkJI (j-ajJa (jj-a£ jL-uJ 5-aclj Sl-^aC (i) 

.-60mV^ 

. — 90mV aAl1\ ^Jnih 4^1 j]| jj.aS 4ja (^jLatl jjjS 

.+35mV "(jpfuJI" djiaJl 'Lis (^jL^ JJjS ^(i^) 
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.dilijJaaj ^jjjjitjjjj ^jjJ_yb<a Clll jjS 4 Uuil ^jji r-ir. dj.laJI jniTn 25.5 

li* -^jjjj • — 90inV l5jL^ s-Lkiiil ^ 4^1 J (jj^ ij ju^tW ^ya ^Wia ij^ ^ kJlj 

jj^a^l (jja jjij 31.5 J^t jjjjj .Na"^ —11 W^i^j^j (> »>« jJ^^ K"^— 11 
JjL, L. .<ikll jjl jj 4JU Na"" J K""-!! jj ^ 7.5 Jj.i=JI c^i^^ 0) 

^Ijilail (j^J .AiSLiJ 4jliJl sLic. A^laj (jIai t24.5 Alt m nil jSj Lai Us j(s-l) 
JSjill (_J.4aluil .IAjjC. jxj jIjjII AjAaJll (j^jll Ajjoiillj AiilS^I j'. .« Aj.iLii-a 

.4jJjC.j (-jUaalijiVI Jl jj s-liil t,u.-i»il f.Lkic. Icm JJC jLull L_lLuiaJ 31.5 

«.Llil pi i'iitII Icm^ _)JC. ^jJjaitjjJI J -Jj''J' "^^ Jj' jA La 

^ J J 1.6x10"'*^ C cs jLuij jjj jjjII 4ja^ J jkjc ?4jj jc J (-jLLSioiVl J jj 
. 1 |jF/ cm^ sjIc jLai jjaJI sL3iill 

i?C sjj ^Jc- a-ojUII analog ajSLuII cjtja^al) cA^ i^LLaSjll cjtii^JI JnT'mJ JjS 26.5 

jjajjj 4c^>iiiJ jj^jl) (_>^^! '60.5 cJ^Jjil) A\un\\ sjl.ill -O^jl^ O^^:!^ (J nn'i i in 

.AjjIj (_jll (jAo jlLall jLall jLiill J JJ i ^ "'^ JLojSI (_jic. JiijiJj tAiLlLall 





i- 1- 




T 




.ijlaJl jjl^j JilJ CJuj^i\ JjSIjj :7.5 JjJaJI 



(mEq/L 



26.5 AJLuJI »jb iakk^ :60.5 Ji^l V^i ^JiJi Jib ojjS/i 

142 14 Na^ 

4 140 

Uutj Aij.^ JJ AiSUl <iauii Jjla .iia. .t = 0 <JiaJll ejWLj AjjLkJI CiL^j (!) 

.(jajuill pLiil c>°j^ 

?(j<ojll Uuti Ai*^ jJ AiLlLall iji>Ju pLu! jLalt jLiill jIjLo jA 

lillj l^j i^Jall Cjl ji 1 <l'l-i>n (^jLljll AjI] AjELojII (.Ijtja^all I'lLu'lnil 27.5 
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Jistj jV0 ^Jfi^ i—ia jpj 4Ji1 j_jA ojSiJI j .Uloj ^ja^Jl ALjSlI j_ja ^Lt'iiii^II 

4i!i£a31 ^tii^ La^ ^jLkJl ^ 460.5 ij^l AluJt ojUl (i) 

IxjIj _jj 2 »;< A\ ^-jjsj s-liit ^^jlLJI jjc. jLJI jlilll jl.^ jA ^(m) 

i—llill (j-a tJ^^ lS^' L>^J^' ^-i ' (j^-^i^ cJ:!3* ^jj (') 

eAa.1 jll ^jj^ (^_j*-aall ^iUall jLoi j ijljlijjlLa 200 

JjJjJI jA La lAioljj eAau i_l3Sll 4-4.1*^ iaSs til jS 750 

(jS-oj 4(_ajjaj]l liA (^Ic e.ljjj • Jjl^ J' jjlaU A^i^l i_ilbj 29.5 

4(jj3aU]| ^jLi.j (J^lj (jjl'll I nil I^J2 A<t\^n\ A\\\\\ «.Ljjc. 4^.1 a j 

«.! iotI La.j_jAj 61.5 (JSjill hj -'j^ D.J_^ ^^W^ (3^-^ I'll'l^ niil (JjtaJ CjLjjjl 

jjc. «.LiiJI (^W' <^ (ly^ l3J^' '^j'-^') J^' JloJj .CjUjjVl 

^jai-ul i^jlaJl sL2ul1 ^ jjAlll IIa (_jJc. f.\li .lIiUjjVI (>4 ^ jj (JS jj^JP ^J-^ 

^ cjU jjVI CjI j^a cjLa jlLa J (jj.a^l (jjs j SjuJI «.Uiiiil jjc jLiill y^U-o 
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Xuc Ji\ AjjISII VuJoA liiLk ejlc^ i-jJaU Llajj^ ^^Ux-all (_llall (jiajj ^Jklo jSjj 30.5 

3JiJI Jib JiLJI 

^ T^'" 

f^aS I<K> K,*> 



1 

J^" 



Ajk. »L3jc. :62.5 JiwJI 

.Ljcjaii Qul jj^j^a Aii^j ■LajlLuJ 



CjU jjVI CjI jja ^juij sjj :61.5 Jiwll 



(JSjj !5Li.J IajjocI) lIiI I JSJl IjLij ^jSj (—Jail (jiajj ^xlalu jj! (jlaj^sl 

2LjlaJl ^Lic tj^j -(j^ tr?-^' -^LiJjVlj VI ' -'^ - i'ini\ liljV 

.62.5 (JSJJl (jJi« jA Lai liSj Lie jaij (jiiJ jj.^ J.0 AijS-oj A-ajlLaJ 

^1 4-«ja ^1 -90mV(> »Liiil ^^ Ljfc jj iliil 

4(uj.iaJI '^■^j f jJ-^ ji^l djUjj! CjI jja ^jjj 5ja*Jl lillj (jjs) — 55mV (_s jLai 
'L»J 3300 »Ui*JI 4-0 jlio jLoij . 35mV Ujl.:i<i ajjIjs Jj;^" ^LiaJj lilj 
5 lTIa. ^jdljill ojIjJ J_ji^ia. jjjj lili . 1.5 -^Jstj^ (_5jLaij 

?sjj^ (— 1^1 jll jLull eAjji La 4<jj\jjlLo 

iJA\ fjj i^J 100 (^jLai jLoij^l ^ia. (j! (jial jjsLj 

^ia. jjc ^}<oJ (>o jll J^:j^l jl.iio La ' i^^'ij}^" 50 jL.^ I ^ ■ -^JJ^"' ^Tji'^ij 

?^__paJ^j.all 
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AjiAji sjLa (j^ajj^ll ^ajoi^ ^ (jS^ iPET jJpjjjJI ^Uu^yU ^ 32.5 

Lulajjl (jjJJ^j ^ ^jj-all (jjj^jj^' ^'^"'j Laiii. (JjaLsjI ^ Lolc. 

2.03 c^jL^ cS^I > a..-iill ^>.ac. ji ilS" jja-j^Vl liKsjj .Ajjlall A^ljaJI 

f O ^ + ^1(3 + _*'p + v,^ ^ ;'N + Y + 

CLijiiLttxi carfentanil Jjjljj3jl£]l Ja«1jI((_i) 

"C ^ "B + "fi + _i|3 + ^ 5'B + Y 

I ^ 4 In I n A A I .-ill 4 W nill jjl tliijl . 1 11 n ^Tj lU jJaJ jA 1 1 ~ 

(^jJaj-all jJixJI ^ajjll JJZn\ ^\ Jjjj 89-(»JJjjjjlJI (j' '-4^^ 33.5 

50.5 iSj^-^ C^^l ■ ""■ ^'^1 ^).aC ji 4 89~j»JJLijjJhluJI j_5-la*J .jjUa^jjoJI ^1 jj| ^ '-»_'_■ 
(jJ^k^J . AjI I ■'I nil (^Jaliall ^jLiJaLa ^JaxJI _j ' "''"'J J ^-^JJ CH^^V^ '^J- 

- j . ..^ ^IsuiU ^ (jj^JJ^ tS^j AjUjjpjj (j<o .l^lj (JjjaJJ I jl J'"'' 'I _^l ^Jj-aj 

. A I't I nil ^aJ^ f^^^ J* J '■^^-'-^ jA V J UJJ^J -'iP ' ' U"^ 

La .(—lU^aC-Vl CjIjI^ ^ >IT ) (J:^ (jl Uiajl 1 (j 1^ j 'jiljjVl (J '>nT I JXa.ij lIiUjjJ^EjU 
?(JcliLi3l IIa ?.Lli! (»Sljli j^l AiauiJI jIjIo 
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.l^Ua^)xiij Aj5ja1I o^iiJI iaLjij l^j-aj c l^ljl J ^ i ^1 

.'^'j J( ,A<.i' (Jcliij L_u£t J. (i^ j4 La jS". , „ . 

AiauiJl jIjLo La i^U 8 I^J^ 131 — Jjjl3 ■ ^'^1 ^>.aC (jial jpsLj ^L_l^ 

LojJ 15 CjLaJJ^ -^JJ^I t> LaljC 25 U^laij aJLJI 

[A]=[A\e-" 

.A SjUI j> ^I^VI jA [A\ j .a SjU 

II Mil aj5j^I SAiJl ^ Cilijiiill uiiil Uli 123-JjJI (J-Axlaj t^.i^li jjj.r^MI ^ 35.5 

-.ijjll ialaj]| «.Ljj| AjxjLJI till jjjjjjll jl^ ( < mi's J ._ji:a*JI liSlj ^1 

:OjjmJ 123 
liA <.L£i ^1 j2i L. (i) 

(J:J^_^ pH 4jJa_jA^ (_J.olc. (Jj.i«JJ 4 l-il I n i l ^Kninil ^!ilj-<aj CjjjSj . <Jj) i rrt II 
(_5jLuiJj .2.85 Ajjiall JJC. 3JjLuJi jj_jA)lll (_J jl^ 4jJa_j-aa. (Jalc (_5jLuiJ .(jjAlllI 

bjllc. 50 Jj-»jJ' (Jj^j '3.4 aj'jUI SJjLJI ^j^^l lS jl^ ^^iaj^a. J-ok. 

.(_5jall (jVin'i il lil jLu 1^11 1 n"l AjjLill SJjLaJl (jl (_>iiJJ3l . (JjLjJI 

La .sLaJt jjK (_PaA^ ^j^ 0.25 M Jl «»"uiiIj ^..^.^a j^^W J^lc. Jj.l«jj V J (1) 
?lL=JI -^^J 4*^ <^^' JJ^ 

tAc^iljjt jjaj V AjSj Ijoui lilio fLall JjK (jia.iaJ ^(s->) 
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' (^ill oJ-^ja) ascorbic acid ^^jj^Vl (>a-aJI j> 1.0M_j 

La .(iaaa liJiij J j.^'. aJLiJI oIa ^ (>=JJ3l) 4.17 jLaU p^^^ k^Aj 

j'-^^'l ji^Jj '^j S-'J'"'' "^1 --^-^^1 (_jlc. IjiaJ .^««j3I jA 

.AjJa J jxLo a1 (H2CO3) (jjJJ^I jj^JJ jA <J3 

(j£<ij lillj 4 1.3 mM ^ Luj^ (-jLxill (j^aA^ ji^jJ C) 

JJliJI (j^ L_lUIll tJ^Jj jjijj ( HCO3 ) '.^Ij JJJ^I L? j"""'"^ 

.lie J 4 30 mM aIs^ji .iic j '2 mM VijL^ 

(jla^aj (J^J '^J^ -^-^^-jj '.^lAm ^uJajA^ (_i<alc. (jl (jIaljjaLj .6.1 ^waiaJI 

.[12] 6.3 c?jL^ 

(jJll tj^axii. <_si=>*j J lil^ Streptococcus mutans 

>l 1l« o^i^l (> 10"Vol Liji^l *iA liU .{pK^=3M) 

pH U (jj^ i-i ^jjll La 4jJa J/ilx^ La 4<J llLaS 

(J^^3«-aj (3^-^ '-^^;i (jlj 4L_iL«i]l (j.a ImL 

La .<i.a 0.5mL liLaS .Isuj ijlsjjjl JJiL-aC ^>a ^lllS clJ jllj (cj) 

lilj 4j^Ll^I (—iLJll (j<a ImL tSLaS L5J^^' liLUJ 5jJa j<a^ J-alc 

o^ajial .(pis:^ =3.13) oj^\ c> l.OmM^ jA\ 

?Jaaa liKsj J J. 

I J _^J-^) (»J:!-^ J I .-ill CjUjJjSjJ (_jlc. (jLiuiVl (jJ^Li-a (J 'i-iT J "^'j tl jLal^ii) 
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j^jIc. Jjjj La 4(jJ^jiuiVlj I— ij^)a-all 4 CjHgO^ ^jU^^ (J «ir 1 1 nl 38.5 

LL^ jiiau .^VIj (j'Laa.yi cs'jsj ^LiAiS ^ J iprostaglandins 

^1 Sj.j.UH Aj.i1 ^.Jl AjJa J^ali. j 'I I j| acidOSis (>aL»kJlj 

tUljSj 6.8 (^jLjJ (^ill AaJI jjc- lUIjJ) l^A AaiS I'h^^i-sil lijj .7.4 

.^iiiLuil Jial jSil La '^j^ 

(Jjla-a (jLtjJa jj (jjjjLaJ-a (jJflaS (jx ^Luiil pH j a^W (J-alc. (_)jjLlLa 39.5 

calomel Jj^ jll^l (>a ^1 ^ j -^-^ j--^^^ J-alc- J 

Ullc. .-ij (_^j31 4ja.VI l.lWijll ^j-iajjj .AjjJajAa. (J.alc. (jaLa C?^' (JjU n\\ 

AUajx^ Jxk: JjL^ LSii^ ^W-j J^b lAg/AgCl A l-ijK H j>a 

t jl-iqll ^^ic ("Uii'l^ aJjLx^ jILjj .pLall JjK (j^aA^ UJ^ La Lillc. tt—ijjxx 
AjJa j-alk J-alc. ^ ^^L^ j]l t_Jaa]l «.Lic. (^Li. JjS AjjlLaJ ^^L^ j]| 

(-liaSJl (Jklj Jjk^l j1 LjaJiLa Ajj^t aIIuiVI (jc .ALkj (^jaJ (_^i3l Jjk-all 

.l.OMHCl jA ^L^jll 

Ij^) AjoljsJl a]V.1J 4jJaj.aaJl JxLJ AjjL«-a ^Ijiio.^ Cjjoijjj Aj.lU«-a J/aluil (1) 
!1 (jiiUia ejl ^J'^ lij ^L^jll »1 1 nr. t^L^ (.5^ j;L.^\l ^ClJ jiiLalL 

.(25 °C ) AijiJI Sjl A^j^ ^ pH 
pH _!l oJ. 4£i*Jl Ja .37°Cj 0°CsJj^l ^ (1) *>Jt 

?S jl jaJI A=>. J.J Axjtj Aiiljillj 

csi H3PO4 'jLoij)/! ^^joia. ^ 2:jLill ^JJ^\ 4^j^ J^lc. ■2-i=>.(i^) 

Aiiljall (j<a AjJa_j/iaJI (J.alc. < iVjl .jjjilii-a (jjjajjiaJ 4 0.5 M jjSjpll 

.H3P04^ o^UJl pis:^ _ll 0- ^ .pH _S1 o-W*- (^^1 

. — 7 1 mV 5-i-ia_J-aaJI (J<alc (_>iiLlLa ^L^jJl sLjic. ^ '"'^ jjjj Aijjjsll (_5 jLuiJ 

^ jial) 25 2.12 c?jL^ H3P04-SL> (^UJl p^^-!l La! 

CjIjJ 4^1 jll .lia. eJj.la-a Ajiia iJjljU-al .iL SjLc JxjtJ Cljjl (dj) 
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4^1 (J <Mr'iiilj t_i jUtaII pH SI ^Ji^ ^ i'r,<Cj pH SI <^ (j-o 

A^USI 4ij3jallj pH SI jjJJ (jt ^Jj^J "4!-^ eJja.jx pH S3 jju^ 

^\ t> (^U4 SjUJI J\ L,U jiJ^l^ ^Lj .{<^\1 L. (1) ^ 

J*-ijiJ 4jt Uiaj! (JjSjj .6^)^Jaj '^jS-?■ Jjiui 

2LaujiaII JjjSI ^Lbj^ (Jxlc J Liaj! -[12] Jlii-»S1 jSSIl ^1 !ljla 

(jjj —510 mV^^jLuu (jj-^ l3J^ i-jjIaK^I (jjLiLiSI (^-laxjj .8 J 4.6 (Jjj ^ 

Mj^ij^l -^jJj -o^LaiJI J- cs^ AjTjiUSt ^nnpSI 4jS1 jlnS<;St 40.5 
^.iSI jLu W^j^ (> cWt'-jj-^' ^^jjI Jjc^ <>jJ NH3 Llj_><iVl 

. 5.6x10-'° M(^jU^ NH^^o-^l 
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^jfl JaliaJI - 6 



A^Lojlauil ja) jaJ) J oil jC-Sfl 1.6 

. J - 1^ ^ ^x-i 

jll J |jx<ii.3ll Jaliajl CjliuJaJ t-\jj i-jSj ^ILill • 

.4^ _j]iiaJl jail (jjikjj t^jLJI (J^l L-a J. jll Jij] AilikJI (JjI jJall • 

j^^iaaJl iiliajV <jLl£j J ^jLlaUj AlAiui t_ilkij ^1 CjVLaJI jJJ j^i-jll • 

.(JjI jiiJI diLjjjSjoij ^^jjiLaJI ^1 1 ii-N II (statics) ciiLujSjoi (j <i i ^>iaj pLjijl • 

S jal^ 4J J jji^l -U.-.H ^ jl jll J ^^la^JI\ jll iiliajV A.»£5Lo CLiUoAxjiSl t.\ ja.1 • 

.yuji 

- ■ Lgja J ^Jajll jIjujVI (J^Ut-aj iiSjaJl ^SUaJl ^lia ^3j.'^'' * 

(jaJu J' j ^^1 e jiLuLsIl ^Jajll ^ J j^' Jalia^l aJjUu ^jJ.'^"* * 

j^IjII Ji^ cjj^^ ijMlol] ^JajJl C^jl J (,^-^*^' Ltt^j^' JaUajl iaJJ • 

^ 'lU I r-^lt (jSiiilt (_5 ji-4j ^'iT <i ^^jjjjj ASli-o jLa^ JjI jjoJI (jS-^ Ly'^J^J • 

.<— Iji-ii ^nnll jjSJjII j 

j1 (jSJio JJC. (J*C. Ijja Ji ^->J s jSiuLU ^Jaj Aj^JlKjnll AsUall <j jl <ljU_<i (JJfiaJ • 

(JjI jiJl jjij JjlaaJ 5Jjlsi-iJI (JLastluilj i^^jlji HJjui (jiUvi ^^1 ^Jaill jjJAJ • 



^jUJI ^IjJJI ujjSjj ^jaJl ^ 1.1.6 

.4jjjaJI 4 iii,Vi(; II (Jii. ^ J^'j ij^-^ (_^^ iSj^j^ J tj"^^^' Jali^l dlV^lx-o (J af'u .n 

4iUall <jjl aJjiUi-oj ^jll JiUajl aJjLsix Jnn'mn j .eiiLo <ijuiLu.Vl (^jl jll J (,^^»^' OJ^^j^' 
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j^^iaiJI jxtkjlt Jiliajl ^JjLx-aJ (jS-oJj .<lC.lu^ll t-luUVl J L5jL?-ail ^^h'^l Jjl j 

JU^ C^jl jll J (,^^»^' U^^j^' iiliajl 3JjUi-o JjL-aall IIa ^^ JjUlm .^JJaJt L_lj| jaJL 

tj^jl jll J ^^)-i-i.lt (jJ^jil -Jalia-jl CjliulaJ f ^U'^nll li* !-i\iiriiiij 

La SJjI jll sJta-all C1jU.jj]3]I (jl .<jjUJI CjUlI j^l L_l jSjj (_)-ali. ^LojaI |«-o A£j:iJi jjc 
jllj ^^Ir^ll iali^l 1 nufll "ml Uiaja^ (.^aj j^Li 

.^Loijyi ^-^''i-N ^jii aMn A\ Aj£jjl£AAll CjlS^pJ] ^iLoj _jl ~ ■ ^1 a£^)^ 

^Jax^ (jl 1 jlij J .AjjUJI jJI i_J j£j ^-■ni7>ll (^Jc sLalaJI ^LoG ^1 (jjjLoj]! 

(_5jltjJ jl jLaJ ^1 4ji£3|j i^U-l jJl (_J jSj pLlil (jLJI ^ SiaJjVl J jljjVlj Cj!)ljJa*Jl j 

jpSj 4SJjSLo *Ji^^ '^-^W^V 4jJa^)C.j AjikJ^jjjiill Aja.Ull j« S IQt '^-J^^^l i} l^J^J 

.CjLil^l Cj^iLiaxJI JCiJ J tAiJajll jlj J i^W^' J '(^J^' 4j_jjL^) 4ij-aj3l 

«.1j! (Jjaail l^jSljj ja jjS^I ^Llajll (JlfLaiuil jjjjj^l jjniVi(j <ill (Jjlaj 

(Jj^ Ji^' (jUJI ^i1-it1 Lia.jLi.j Llli.|j lj| jjj jajJaii 4^1 jjll (_1 j^J (jl > ' 1-> jll 
.A^lj^l f_gjAii\n jc Iauu (jLuJI a£^)^j ' I ^ '"' l-^JUj A^lj^l el-^U ^-^^1 ' /I ^ ■ j ((Jjjiall 
ij jSlI jp AijaaJI SjjLa li* JPjJj .AijaaJI yikLuil jIjIo Aitlall ^Ujjl JJjij 

jjjl"'; 4jjlVl ^ t>» jj-''^ "^1 Aija-all j CjliLJiiSVI oiA CjjLa j j^l A^j^lll 

.j>£Lill 4-!jjJj1I ^Ijpalj J*^! ^iLaj 
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(— llj^bll sAA ijjiki Ajilil ^alc- JJ jiailj .(1.6 (J^jill) <2>.l J.1II j tjJJ Jc-lijll 

(J^ I in CllLjaljjal IJlc. (jjJjJaJI jj_^Ai^-all '-"j t(jja.lj.l]l (_^Jc. ^IjUIaII 

LlsJ AjoiIjJ jJaxii iaijJall ^jl^ j .(2.6 (J^l) A^jaJI aJ] jjjJj jj j_^t 

K^l ULat ^1*15 (j! j^Al V AiUalU A^l J.1II JJjJp Ajouiiiall jSlI ^jV Ajoil ^ _jjJa j-o 

.(3.6 J^l) A^h'n« 
^ a^u^ A£^)a. (.liljLiJ jl^Jal J t>» LJL^ 0 j3 ji« AjjjjoiLa. '"'^^T^ "j; 

tAL^axll iJjJa Ji*^ iaLajl J cAjS^lj liljjB j_g jlj>i' ^^^^'^^ CjUajoi^^ 

.[l^j^ljA^jllj 

(JllVl-a-all t>*J - ■ "t- A£ja. JaLajl AjoiljJ ^ tllLiAij]! jj-a Ij:^ UJ^' "^^ 

La A.a.lj.lll L_lj£^ aIoLsJIj L)J""''(SJ 

Ajjj jjaJI (^jlall diaall jSjJj .A^l jll j *bVl (jioi At^jjoJI o.iLi_)i ^•^•^ tj^lj^ 
^ . ^'i' , ,.^1 4^i\!La (JjJail (_3i^ (jl t_s^^ ^/'f^^^ 

dll^^j^-aJi] o^-a'itLi.a * j ^ ^ o.^^i£-^ o^j^jiuj A-ajj .^^l^^l ^.^^^ Q t3^^^>^ U,?^0'^^J 

^ tllljjkiJI (_j]c °sUj 4 j^lj A^lj.lll SJJ^J '^^'■^J <!^Vl l^J 4?.l.iVl jJj-ia^ 
.sAlia. ^iLaj JJ^ ts^J 0.^.^1 

.AjjhJI s-LjaC-Vl J \nnil J AiJl*^ j- --^ ; jllil 

^ c_Laj Aj! VI iAjiVi Cf- ^'^'^ i J (j^ A^U-all J ^j'w , ^ f jJ • 

I'll ml J.l3l j3j .li^xall ''''J^ AjjVl Jj' ' ^ AjSj£ ^I jpil ^jjjjj^l -^1 

.(JliljiVl tiljA^ (j-a (JlSj aLaj (_i jSj diLuSjj dll jj^jaJi ^-^^A 1 AjSjjl£j.all AjjjaJI 
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.[2] (5)11. ^1 fA^J) A^\j^ ^^^\ J^lj jLuJI J>) 




jj ja :2.6 Jliill 




20 / 



4- 



.-T!— Sjjj ;iLijl (.Jail 



^jill :3.6 Ji^l 
fLSl (.Jill 

(j^ 4 jt , '^ j 20 
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(jj-aiijll <jj)\ CjV^Is" [jjJjJaJI ^j... N''^ -II - >4.-i,„j tejjiaiall ^JJjjoiLaJI lIiIjjVIj (jUjij^l 
^ (jiajsiiui .^jlu^I a£^)^ JaLajl Ailja-all L_lj| jaJI A^Aaj ^^^Ic ^-»(;' ^r.l ni<il C^jl_3^^ J 

j^^LiJl iiliaJl jjJ JiU. j> AjJ jJI c^VjU" d 1.6 J 5. 6 J 1.6 A^Vl 

(>» J jA 4£jaJt ^ fj jkjj i-J jSjj j^liJI <_il jlaVl jJ ij jl jll j 

Cjl^ljiaV (j^J -LSjIj^lj tri=>^l U^^j^' ^Jklaj Jii. <-<Jala]l AjilS j 

(Jij jiib <ijj]a Liajf J - .-'ll liA ^ . ^a"ui,;,i,j <_5-iai>JI L-lLuiiJ 4 ahUll 

(^^laaJl (jJ^jll iiliajl |*-<i jjjJ <lAjui j <£jji\<^\ ASLUI j^l Jj Uliui JLaalail AjSjS 

AaJuJ^\ ^Jll ^lia 2.6 

<lxA^ jA (p[LMt^']) ^^5^aaJI ^ jl) J -Lljljj Llla^ La^j t^ljaio (^Jaia. J£ lilllaJ 
jl jll ^jllj .aIj^I ^ I Jnil'i'n Laj 5-0 jialo j! ^ji/^ <SjaJ AjJ.ij«JI 4-oja3l (jc <jjtlji j3 

t^ill ^jjji^l ^ Jg J A-a jialall ^ jj Ajj.^Li. jA (Zj [l_?Mt ']) 

i—ii-a j] lSjI jll (S^jll cJ-axluyj .La <]a4j Jj;^ Ajjljj.lll Aj-aLk j t<jjljjJl A£j^ 

.0 jjilttll J k±i jSiitW (JjliJ .lie. ^Loia-Vl (_5ic. Aaik-all ^ jjstll 

(_^jlll t^^U-Nll js^jll oL^l J .jUjVI ^ALilj AjcUiJj JJ.iliaJ (^jljll J ^^l-i-'.ll jJ.aa.jll jc. jj«J 
>— acl I h«i p (jV I^A .^ajoiaJI Ac^jjji eLajl c^'-aj sAjc^^jjU ^joiaJI aIjS i_i^>jJa ji .-il*! jLuiJ 
y-. I n-^ jl ^ jl' (»^jl' J .(_5-aiuill 1 ni-.l , -II <ij£]l j| (jja ^ 4<C.^>jJI ^Ixjjil ^ aim 

^jll djlj ^1 hi II CLlLljJaLljj .j^jJaiJI 4-a^jj ^UjoiaJI ^Isjil ^^gCl t nill l_l^>jJall (Ji .-il-t jA 

^Ij' JjlaJ J_^' U^J ^LbjaI jUal ^jLi. J tSjSa-a j^' 

Glover C, Lunsford KM, and Fleming <iia.iiA j^l i*^ j^ 

.(JA, Conservation Principles and the Structure of Engineering, 1994. 
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dJljII cyj^ C)j^ 1.2.6 

f^j^l 0' ^\ '(»>-«jAVI £^>ia^ 3^jkL»il j>Aj jjjj ^1 t^jil] ljIaij I jIjLi 

Stiall jfk-l .(4.6 J^^l) SJjlS c>i jsaj stiaj tilli -^J^aj^l C>* 

4mi'sU« j JLk.<Jl <!jLiui 0 js ujjlall (^.iJja tc_ijlall ULoji 4(_ijUJl etisJl jaSj 



f 



^ jaai slja :4.6 

: . I— IjlS (jA S jjsljII 

Bedford A and Fowler W, 
Engineering Mechanics: 
Statics and Dynamics. 
Upper Saddle River, NJ: 
Prentice Hall, 2002. 



(2)j iAL^Ij (1^ 'U-^^ LHy^J ^jjKn'll A-aj)-i'l<ifl J ^)JC ^^iaiJ) ^jll (JlSijl (jS-aJ 
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4-<ijh^<ill liA (,s-^*^' f^j^' U^^J 'y*^ Liikj lilJloJ liSjaio ^uji^ iVji -6 jSILj 

JJJU ^ ^j.„lH S^Lall JliUjl J£ L&^J .iaJa^l J jlalall ^;!*-<-" Jh^l JlUjl 

Am\ AilLLi ^ j]l ^jil Jij 2.2.6 

p=mv (1-2.6) 
^^ykkJI ^»iji3 -Ib^.ft/s J 'g.cm/s J 'kg.m/s^^ tr^' H^j^ 5juLi]| cijl.ia.jJlj 

AaIjJJ ^^^LaJl j»ijJI 1.6 JIU 

^^-i-'l ^jll > jni^l .^iS 9 l^"'l-'< c5jLuu 70 <^ cSjL^ :ijij :AJLw 

.Sx-LJl JU-a! 10 (jj£j Lajja. <=>.rj:ill J jrlj.ll) ^j-a 2j'jUI 4^ jklall 

jaj liljaJJ ^lj.lll jjl .1~2.6 <i.llj«-a]l (Jl nT'lmlj p ^ Itn 11 j»ijll ' . 1mi->j iJ^I 

tilj .(.LaVl 



p =mv* = (70kg+9kg)| 10/ — 



3600 s 0.00062 14 mi J s 



(j! jki ^^ jLa (.1 jc-jliS 350/ Aj?.! j.i]l J ^Ij.!!! ^r^l j^jl) l5 jL^ 

. j^iljLala j^j-la^) f^jl'j <C.J*J1 j^LsjI 
.3-a jiilaJl (J^l£3 ^^^laioi jJl ^ jJI (.^xJ ^Ljaall ^iaSj 4jL A-a jJilall 
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(_jJc (jj^ (_jic- 1-2.6 AjjL«-all (JJiiaJJ p (^jJ^l f^J^' Ujl i (jixJ 4jU tig .iiVl 

^jjll liA JiaJI jAj t^itoi J 4^^' -^1^1 ^ii^l jSj- 

Ijlaj J .^^SL j\ 4j lilj^ j!i*-a]l Jiaj (^-aLoi jl^iLo jA m aJj^I (3^.ij J!ix^ j] 

^J^x..a L_l^)jJa J ■ ^1 ^ (j! (j^^ A^oAui^l a.2Lall (Jlaljlj 4^ j^'-^l l^^l /7 ^^■'-^l 

p=mv (2-2.6) 
.(kg.m/s' J N) cPj^ill ^ A*iLai Ajl.la.jj i[LMt ^] jA f^jil L&«-» -^J 

j^^JaiJI ^jll 4j! ^Jc AcjiJl Jta. jkill (j^j .Ibf AjEII ejJjlllj (g.Cm/s^ ) AjjJ J 

.([Lt"M jA Alilll Si^ j3 j^^l (»i.jllj Aii>Jt i> J SJi^j AilLi (^ill 

^jfl ^ ^Uil ^ji) ji: 3.2.6 

^ ^^JaJa-all Aja. jLiJI (_J jfill JJJJ Lall^ Ji*-^ A-aj]ilo (jAjJa ^ Ir-t II js^^^ 

^jJajJ La Ulli-j ^^-^^1 f^j^' J^ix^ .Ixj] t^La^ jA j c[LMt"^]jA .<-aj]alall 
(jljja <XJ J .5-ajialaJl Ai]ik-all i_g^\ Aj-ajoGj AjA^ ^^Ic sAcLui^ ^ajjtail Ol/i-^ i«i 

.AloiiiaJI jsll J tA u.il jl AjaJajJI |_5 jsll jsll (jtlaujj 

AjAa. Aifc <^ jkiall ^ (surface or contact forces) V-'-^' J AjaJ»ui2t jil) Ji^j 

i^ua jlala]) .^jA^ ^_^Ic. ^^^lia^a]! JaiuJallj 'QJ'^' ^ 0;}'°^'-"^ {JaiLcj iS.^ L>° J -A-ajialall 

^1 S jSJl jA \Ax^\ ^Lii^Vl (jJJ A J Mil n'W (_5 ja]l 4lLa! Aa.! j (_5 jsll jjc ^Ull jijUl j 

1_1«£3I Jpj ^tJjLttj (jjj Jaj|j3l jA J^l (JLia J .^Am jlalaj ^>*^ (J-*^ (^^11 (jjW'll (Jj^ 
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e ji ^ (J-olstlll i'LojJaiall jj-o Ailii^ J ^jjl^ui ^^^C 4.slii_4 JajijJa (jjlWl jjJ^ 

=-J[/'nd'A (3-2.6) 

^1-1,, I II A.i.Lai-<i A J cA-ajialall <_sJj <ALijlj 4^L<ijAVI ^j^jxi A^jW^xiW ^iajoi 

U Uaj 3-2.6 2Lt5S SjW (> lilj ^(^^jJI jUAL V (^!) 

=-Pj?£(M (4-2.6) 

1— itjSll 11a aaiLluII <SjIjix31 J ■ lilj .ajIc. ■ 'xti j j'Wi - . ..^ jl ^Ua^ A.i.LjL« 

F^=-PnA (5-2.6) 

ULLi ^ ^iaull J (JaxjJall 4jk. ^jt'K' C^^' ^iajoill A::kLau> A (j) '"'J^ 

Ijinkj <iuiLiiVl 4j.ll*-4ll ^ 3-2.6 jl jkjjj j! j>i j .LuLjajc. 

.4-iiljiJI iSLaJI 4-4jJalo (_^! i h (_5ja (jjSi 1 nn^ 

Fp—i jkbuAVl 3aU 5^ J Vj .(jL-^l*^ WtJaMj u^ijL^ ofijall ^^U" 
3 « iajLia ^ (^jj^ jf t^ilia^ ^J^l J J^'^) <^tj^ iajLia ^jS (^U^ (IiVl^ 

.^jialtll J jjfr Ji4«j 

f Ij^JI ^Uljku.! 2.6 Jli»ll 
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^ ■ ■■;< - ^' ■ •-'^l lillj Jc. 0 ji ^Jj iJa jjT.hnll 4jl jja. Ji.b (il j^l AjU .^jlc- 

.^iLaC. (^-IJJ JiJ-^ JJ^-*^ ^ I r-Vl «i 

J ' 200psig ' ij ^1 J (jijj U jla5 ^ijJ jA Ail j^Mi! j! (_K3jlal 

^1 ^■'ij (_5iJI (J II nil 2-0 jlilall J .L^ Aiclill Sjjljlalt JJC. ^ jSlI (jjJJ (_jic. jJaloll 

iiuJaJ t^ill Aj\ jk^Vl J^Ij ^ J= ji^l i^S/l ^ c?J=JI U.nll 

A^U. V lilj J-l£ Jja. !51jLo1« LkijJa 4j| jkxiiVl cS^j .(5.6 J^l) 0-4-^' 

(j^jiJI A^ J j_ySc. i-* ■ '-il jLatl J (jijl o^>Iaa ^Lj jJju£.<JI A^-Laj (jS-aJ 

1.0 atm gr^j^l '^-JJI ^=>^^ cSJ^!J • 214.7 psia J 200psig ^\^\ 

^ ikVlij .A=>.j (>i (JjuIaII A-ojlila ^jLk (^j "a^^ j\\ ^LxJS J:i^J .14.7 psia J 

^^JiijJI (j^jall A:i.j (_jic. 0.1^ j]| IcIjljj t-aj*J tAia«jjauJI djLjjlAa.'^l Am (jLijoiaJI 
• "top = 1 ^ </>^' t>J "bottom = 
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^aJ ^^^^j (j/O (JS (_gic iijUt-all oAA 1,^^ .5~2.6 'UjLs-all JLaxiuil (jS-aJ tl—Lotil 

<kU]l Djill JLk. l^U ^ ^ jffl jaVl oUl^Vl 

^ -^plunger "^bottom ~ -^top ~ "-^bottom^ bottom ^ "■^top'^top^ ~ "-^bottom ("1)-^ ~-^top(l)'^ 

= (no„o.-^top)^ =f214.7^-14.7^1 ;r(0.500in)^=157 lb, 



dil .^Vl top tcJi^Vl bottom io-uAJl plunger — j dija. 

(j.ij'Sflll AjE SjiJ 157 (jii. (Jj-aJ 0 jS J jJ (jl (jjuS-all ^^Ic. (j'lUflll <j| jkijiVl laijua 

body ) Al^ujaJt Sjill jA jJI d ls^I lSj^II (> j^^^ t. 

s jall J s jaJl l^jJloi j . m ^ jiiiall ^liS Ji^ a js ^_jAj t(force 

(_5 Jill L<tkj fjn\ >\'u (JjLuixJl l^J^fJ^ AjAjoiaJI JM^' '-^^ -5 (Jj>-as3l 

: (Jim I 2La jliiJl ^ JQcUll 

Fg=mg (6-2.6) 

:S.1^I J AjIjS e jjj] U jI Jla jA La 3JjS ^1 aJLSII e jS JLk.a j'^J •^^"inU 

F,=.,=(nb.,(32.2g[^ifL_!_].nb, (7-2.6) 

.la.! (jj jj Ij^UaJjJI ^Lkill 4 jSlI JjjaJ (jj^ JjjajJ) (_J.alc. JLaaluil qjijI V 

1 (_^jLai AjIjS SjjJ 1 LaJjLi Alilj AicLall S jail CjLjLuia. ^Jl j! jA SjuLill *Lka.Vl 

fj\ .LoLoJ ^^iaLi. ^LiHuiVI I^A (jl .'UlS s^W^i 1 lJj'^ <Jj£ 0^>jJ 1 (jl ^tHiluU jaJ 4jJ£ 
oJa. jll J .AjE sjjJ 1 jLuj (_5-^jVl (^liill JiaJI 0^ 1 U 2Jj£ ( J£) a 

Cj^l I'liijl 5Jj^l J 0 jallj .0 j2 6.1a.j s jJjI" 0.1a. jll j i^JjS oJa. j ^ "^JjS o jJjl" 

^^iaaJl jll ClI jjij <.a jiilall J j.la. (j.<u-^ aJjS V. (jjj <lc.Ull ij jill j»^jJiJ V 

(jAjJa J ■ ^1 ■» II lillj ^j--^ I ^1 . lIiILIII ^ jjj ^ jjlaj lilll (jC J . I g"','^^.' jlaloll 

.Ljai Ljjii 4-0 jJaioll jj^jJa (j n^l t «i (Jai L^jjJ Lo Aicls e jS (jl^ iA-ojJaloll 
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(^i*iiuiAll ^ ^ jA\ JSj ^jUa 3.6 Jli»ll 

j^Jall ^ jl ^j.?'.'... -tl (Jja t^j^Jall ^ ^ « nij La jl (i_lL^ j' i n « ^ _jl ^^^Ic 

e^jjjiLlA (_>u1jll J J^ill ^jl ^ (jiaJ^)-a31 ^jJajJ 1 1 il t i I Akjt. ^\ J j 

jiK^l ir. l-jJajj .A:^ jl J ejUui ^jL-<aJ (IjjIa. ^ ^J^l SJjAjj 4jiL UjLa I'ini (!) 

t .(6.6 Ji.'ill) ^JjUall ij] ^ J CjlaLitj.ji] AjIc. J j;-^ . 4j| jU.J _^ 

JS aJjS jSj- .IjLjj yjLLll ^U^Vl JjS 1.6 Jj.l?JI c^i^! .ejilxiui 



-^JJ <-S^ LW^ 













-ii*^ teas '9 












Si^^HHIHIIIIIHiHBH 








r4 , ^ 
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(cm) (i! jUail ii^j) dbjlAkVI 




; '- - 


10 


3 




30 






90 


15 




100 


120 




110 


10 




180 


3 




190 






210 


15 





45 mL/min L&s-aj (> Jj^' cjljiaa ^j^j .AJjLkll J J-U. ,jL«-o 

(JjLuJI (JjijS i^^^ 4,?"^*^^ ^j^^ L&s" L_ Lui^l . 0.5ft/s (^jLui AjJaa. Ac^)jLaJj 

a£ ja^UI AijlLlI Ja.J Igf^^r^ J ^1 iLKJl SjSlI jUJ JjUj Ui! Jl 1 jJij (!) 
.(6.6 Jl^l) wit ^1 pLj^S/lj <ljLyi j^l ^ j]j LjjU (>J^ 

4<i jUall ^ ^ ■ "J _;^-iaJl ^jl jjJJj 4 J^-lall ^ jl J '.JjLa ^m-^ jjjj jsll Lai .AjaJajai (_Sj3 
Jij^ JJC jjj V J A-4 jliiJI O-aj^ jx^Lk. (jjj l^V IjJ ^LojAVI A^U. ^ 
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-^02 -^board -^maria -^tabletop -^head -^bag -^legs ^ 

-3 Ibf -15 Ibf -120 Ibf -10 Ib^ -3 Ib^ -15 lh,+F^^^ = 0 
^iegs=1661b, 

maria — jj ' ^ jJ board — jj tjjauoiSVl Aji jJajo.! Oj— j 
<j1c- bag — jj Axltj head — jj caJjUJI ^tJa^u tabletop — jj iLijU 

j=J oja ^jlLlI ci>J Jil .yjlLlI (J=.J legs —)j cjliU^VI 

•uj ^ CAjji:iui J IjjLo ^UjV 4j32i sjjjI 166 jL^ t5^^' 
(_^AljjJl JjLJI AIIjS (j! (jiljpajl .Uiai. Lai-j J^^' -j-''^^ Jajllj 4-a jlilall 

.UjLo ^>j-u^ e^iAsj (_^i3l ^.J) (J-ojtlui JjLuill (jV 'l.Og/mL jaj (_^jLuii 

:2-2.6 yjU-all JLuuxiiL 5-4 jkiJI ^^-j- 'I ^jJl 



p =mir = pV v' 

.O^Y45i^Yo.5^ 

mL Jy min Jy s 



IminY Ub^ Y 1 Ib^ . 



60s j^453.6g;i 32.17 lb„ . ft 



: 2.57x10"' Ibf 



'-'I jj^-^'^j LljLa jljjtj AlLolaJl (^jSlU Ajjlio (J-a^ ^^-i-^ ^jll fW^V ia^V 
^jil ialiaJl 4j.^Ut.a ^ J^lj ^f^^^' (^j^' L&u jj - ■ 3.6 ^iai.all 

toil 4^iL»i ^ii) ^jiji) jAj 4.2.6 

(angular LjjIJ L»ij tSjl jJl l^j^^ja (>i j 4a£j=>jJ1 ^La=..Vl liHi-j 

j»=>.3ll '<-<i jliiall J jjLi. oL?jIj lilj^ 5JjS djjjc. Ijjj .L momentum) 

' '"'j^ 5-0 jJalo !>Li.b (jljjj C^-^jI?- jA 
^jll ^^i^J jiiloll Ujl j Lai.j 5-0 jJiloll J SjjUJI m 5L^aaiJl 51i^l ^^-Ia«J 
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L ^rxp ^fx(mv) (8-2.6) 

.Am jlalall .ij^liJ SjjUJI aJjUI V* J '^r^ J^' ^Ix^ J* F 

5iaaj3l s-lSul 5-0 jiilall jll ^jll sUjIj JLka |jj .<i}a-o CjLlil.la.l jJila 



J .^jjI^I A£jaJI ^ 4-0 jliio ^ cSjIjJI f^j^' Jd^^ 4ji£J Jj-os! (jiaJJ 

4-oj (jiLjl A^jao- sjyj (jjSj V i^jliill .(7.6 J^l) sjji 4-ojkLoll 

'i^l 3^ Ui^J 4il.aJ (_)jiLo.« ^ij^' i n n ia^ ^_^Jc. V <C.^>j-iij (_paSjJ .((^jl j 

tl^)ii-a (_^jUjiJ tjJ ^-^J^ 40jlj.i]| j^_>« 4 lin'lllj OiSj^j^' ^ "^J"'' j ' _ 'I ■ ^ 

liSlij 44-ojialo3l ^Jt] (^jl j (^t (J-a^ ^ L)l i/^ • J*^' ' il'l-s « jsljjj/i j!j 
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^LLua 4.6 Jliall 

.(JS 35786 i^jl^ jVl 2^ (> "J-^ t^-)' tj^-J 6^ 200 tsj^ 

jA jliall (jialjjaU eLaJil jA ^uaiaJJ ^^-^^ f^j^' eLaul 

^1 AauuILj ^^j^l ^L)tj^ oLsjV I^Ui-ii Lajb ^Utjij eLajl (jj^j t(^>Aall 

J J\ ^ 6370 ^JLJI jVl >5 ci-^ . ^UJi JUnx jU-jVj .^^ jVl 

t> 42156 uUj-^' e^-^ '(> jVl jtla^ t> ^^li^l j-a3l 

.laja AcLoi 24 (^jLuij AjjI^ ^JJ-^ jjjiLuii (_5Jc. ^<--^ Acjjoi ■ '■■■^ < CliLijla-all eiA 
JjL jIj^Ij jjili As^jjJi oUjI (ji Ijlijj .<tLJI ^^ ^ 11040 (^jLuU \^\ 

J lo. UUjI 1-2.6 a1AjlJ\ JLaloiLi ^^LiJI ^jJI JLL- >.u,i^i j^^jjU jLauJI 

jV ' p = 6.13x10^ j (kg.m/s) j r = 42160 f km uj^j li^i^-! ^'>i j 
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~2.6 Aijlst-all (JLaaiuiU A^jJai^U (^jl jSI i Jni'.Jj . jj\ A a L n A a Ac^jjoJlj ^jJa_j-a3l ^^Isuji 

:8 

L = fxp = (42160 i km)x^6.13xl0^ 
= 2.58X10^^ 

s 

. 2.58x10'^ kg. m7scSJ^! csjlj ^^^s-Jw j^' Jj^ (^li^l j-SlI jjAj h 

^^\'un\] lil .j^JaaJI ^jJlj ^j-ia_^l ^^Isuj jj^a (J^ (^jl jSI sLa^l (j1 

^UuiJ j^UJiJt (_!^>jLlall (Ji^LaJ 4-0 jJalall J ji^ JJ«J L (_S jll j^' J^sf-o j^^aajj 

L =fxp = fx(mv) (9-2.6) 
^1 jJijJ) jjLoj . [L^Mt~^] jA L ^ jliiall J jjc SJj^l (jii (JjifcA ^ m ci "^-^ 

.([LV^] jA 1^ Ais^i s^ji c^jijii 
t^jfl Cfi ^UJi jJ) ^jil Jij 5.2.6 

jjjij (jc. jjjaj jAj c(torque) x L«Jfr ^jj c) tA^ji^ ijs Jifi Laip. 

t = fxF (10-2.6) 

T .lju -(^^Ji*^' LyjJ^ ^^ 4"""'^*""' (_yi<ull Aill o.:c.li j^jj) ^1 T I II II liUi 

.^jc .llljkil 4-o_jIai<ill Aj^jLi. (_5 jS Jpjj Lail^ ^W"^ J C^J^j^^ 4-o_jiilaJl 

.4j<ini-sll (_5 jSlI J tAjMil o'lll j! 4j»> Uiiilt iLa^joiij (_s jsll ^^'nij fj*^^ ^^Unjj 
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(jx&ui^l ^LoJ aJIaI J (A^jlaxoll ^_^Jc. UaiuJaj t^jj^li .-i 

=Fx/; =Fx(mf) (11-2.6) 

jU\n\\ A2ja^\ C^\Ji\:a.'^\ jliio ^Jc 4ji,Uj| XaJ*J AJliill tlulj jA g 

(2^12) ^u^au.4fl ^ jUa 3.6 Jl^ 

<ljjl jxi i^jic- (^^1 ^jxJI .6.6 cKjill J 3.6 Jllall 4jLa^l (j-aj jSi :AiLuL» 

j>j^ 175 ^ F2 ^j^j-j 4(ciiLiilAa.VI jS>o) aJjUJ) ajI^ (jc. j>dai 45 ^ 
^ ^ jc <_u^ liJ iAJjiyi ^Jc AilikJI ^Li^Vl (J^ jSl CjljU J 

JjJaJI ^j-'^; .(5.6 ^ialall <ljL»-<J' o^A ^IjaJLail) CS j'^ j*^' ^ J""? " 

.<]jUJl ^ »J ^Lo^Vl (JjS jSlj- 1.6 

(10 r cmx- 3 j Ibf ) + (30 f cmx/j + (90 f cmx- 15 j Ib^ ) 
+(100rcmx-120 7lbf) + (110rcmx-10 /ib^ ) + (190rcmxF2 /) 
+(180rcmx-3 7lbf) + (210rcmx-15 7lbf) = 0 
(30 cm) F^k + (1 90 cm) F^k = 1 8 1 70 £ cm . Ib^ 

: J 3.6 Jllall 

^legs=^l+^2=1661b, 
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(jiiU J . F2 = 82.4 Ibf J = 83.6 Ibf J l*- jiiljUJI jiiU t> ^ 

1. '<i.-iVi« ^ (^J^ aJjS^ AjuUJj]! Aii^l (jV J ja*-<i IIAj clii. (jtj^LjiLa (jjjjill 

(jjljJJ AjLjjll .lie 0 jjir I .-ill ^Lai^Vl jj) jjJ^ t4-<ijh'l<ili ^>JC jaUaiijlj ^ jj-a W^jjJ '^jUall 

JjIjmJIj ^ 1< iiKtt ^Lui^Vi J (lil lJlijUj 6.2.6 

CjLouia. i^J^ j>^l L?j'j^' ( ^^' ' ^ 1 Jaliajl tJJjIaJ 

-■^■^j 4Aj«-a aJj^ <illla 4^Iaij jA (partlcle) f:Hiklt .AloiUJI ^Lii&.Vl AaJltx 

(_ij^)ajJt 1^ ^^/''J -^LiJaall <Jiaij i_gj^ cJ^^ V 4jl (jlajjil i^lui^ ^ (J^lstiJl (jJ^ .^j.ia-o 

.(1-8.6 (J£^l) J^ll^ r^^j (10.6 Jllall) 

.<iAjJa AjiLo <jLj'ji^j tjjila-a j (rigid body) £^--<l-?JI jWiaJl liUloJ iAjjlLJU 

i^ajjiiJI jjjjj^ Ajiuiill ^j-ialj^l ^ Ji*^ (J'r^^J (jl (j^-aJ V CjljLjaJ 

2 ah-;. A\ - . ...^ \\ f\j^ I - I J^litj JPJM (j! (j^^ ^xajol^l J Ajnil fl'ill (_$J^I 

1-iT I h CSJ^ (_)^^>*^ <aili-a]l <Jallj] ij^^ C(jjJjAi-a 1 <'7>'> J aJjS ^-.mi-nU J \ 4 JULall 

^>i^lj*J j^J ■Ji^'f LljLa JJ (jjJ2>. 3.6 Jllall ^ .i Jj La J JC. ^_Jc tSi]li_a 

4jJaij (j1 (jjj 4^^jailaJt I \\ (j<a 4 U r-^<"l <i Jallj ^ (jjiLoJJ (jl 1 \\ LSJ^ AjL-a 

Ac^jjoJlj ^joi^l liTjaJJ '(jljjJ t^' M^^J^^J .l^-kJiSj 4jjlj3l lil^j^JU "UaSill 

^Ij^l CS-^W^' jSJoiaJI ALiIx.^ (J-alxJ CjLj]^^ (_jic. jisj ^aiaill 4lLal .1,; mVl AjiaiJI 

.(;_j-8.6 J^l) (seesaw) ^ jtiall j j3l j 4(6.6 Jllall) 4j£LJI ^j*^ jll 
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Ltt^ (j! '^y-. . ^ .JjI jjoi jl (fluids) ^1 ><JI J oljUi] (ji^ c<=>.jjl]l J Aaljill ^ 
^jLli J£\ l^jU J^Uj JiSlj 1 JUJI cjIauA (jl J .^Lall AiljS oAc 

JLa-o (J!5llta.V I fn'lj j! JlxJJ (j! jliSl (jx (jJJt-o jljLal jjS^j 4^1_j<aJl (j* LlLaC JalijJai)U 

Jj| j-JI J .tjaill JjLaJl jjfc (viscosity |a,) ^jjUt 

(Jli^l jaj ^aJl A^J_^ j_^jLuij 4(jLaljyl ojl^y^ ^-?-J-^ ^ ^J^ ■ s.Lall I ^ ll mu 

(poise P) jjjJI A^jjll A*iUiJl (jjl^jJl J .[L"^Mt"'] ja a^jJUI jjl 
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. dyne . s/ cm^ —SI j t Pa . s — SI j <. g/(cm . s) cs jl^ c^ill 

1^ jaj .(cj-8.6 J^l) <iJi^ AjJiiiui Cjljj^ i-Jjjj! JJC (JaJdll J 4(13.6 Jllall) 

Traskey GA, Yuan F, and Katz DF, ) ajjjSjJI CiL-lLJl jj}^ j> 'ilksiA Ji\ yJ\ 
Transport Phenomena in Biological Systems, 2004; Bird RB, Stewart WE, 
.(and Lightfoot EN, Transport Phenomena, 2002. 

iJaaJi ^J2t ialLaJ) ^li'iSixA ^tj^ 3.6 

V lis .(1.2.6 ^i^S-SI >il) OjSlI <^ Uj ci^^ii^ (ijljJI j»ijJlj ^1 

^tljj (jli-aj liS^l^VI J -llSjjll (j! jkii .(jj^l ^ J A-o jhl J ^ LaA jlial J LoAAlS jJ 

^^^iaaJl jSI <j jl _j.<i aJ.:Ijia (j'-^' l-iiaj liS jialaSl ^ 4j*Iui _^l \l ^Ual j 

.JiUajl <5j1ji-4 ijli jjija. Jjiij j^l (^jl jll (»^jSI J 

jj.li ^jSI J jialttSI (_J.<i (_5-ia^l jSI a£j:^ LljJaljj ^^iaiJl jSI JiliijI SJjL«_a i. 
' "°- .j^JaaJI ^jSI j»^l JJ jl l—ajj.^ <Ja.jLk jJ ji JJjIjJ jI t<-aAutaJI ojLall Jliljl 

4ja.jU. (_5 jS <lai^l jj A-4 jJilall jjc. JSjL (_^iSI ^^^aaJI ^ jll ^ jaJI j (3i..ill J 

3^ jiklaJl ^ t,f^»^l (>^jSI jl-^ '^'.^W'" ^1 JiSI Aa. i ti^Jj .aJj^I Jlajjl ^iaxiil jjj 4i_ijj.-a 

.^UjaVI ^ >a AjIo jll SIaSI iS%L 
<j! (_5Jc. (J-ajj (^iSI J (_5i AlaSjlJ (_5-ia^l (»^jSI ialiajl t-ijJ*J J^jj 

4^ jJ^UaSI ^^^KSI jSI 44-0 j.l«-o 4^ _jJaiaSI 0^>aSl 4ja.jUJI jsSl 21 ^ ^ Lajja. 

^ -Loij jA (^^aaJI ^jSI Jiliajl ^ jl !(_iIj1SI IIa (jjijS i-LjajSI liA .Ijjlj 

2 ..jk'i^W jjjjiiJI jjjjai.li^_<ill J (jjJjLljjsSI L_ajJKJ Aijjla (jl VI tAjjiaJI S.LljjsSI (j.0 

Ailjla JJ*J c<-<i_jJilall jjjjj^l (jjin,Vl|g a\\ L_llj-^ajJ Aijla ^ l_j!il!ii.VI li^ J .i—illaJ 

.JiliajVI 4j.:U.a Jj;l-' 
j^ Ix, jjJi jpSf 4jLoI£j1I j AjSjJalidSI _^l C1jVjIj<-<i (jj^ 4L<Lkj j - ■ j^l (JjLuuJI 
1 n'n^ J .(>ojSI alA U uA] (>A.jSI AaAiSa jUuiaJI ia.tj jl L)^.»J ^Jf?^' dlVjUt-aSI 
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11-4.2 iiUaJVI AijUxJ 2LLiUi31 Ai^l jjSi .^^1 ^jll cjV'^ cJl^] jjSS 

^.n-*J'out=-^ (1-3.6) 

at 

:(9.6 (J^t) ^ jJilall 4ja.jU. (_5ja jjjkijj '(m ) ^Jj^l (Jsjj ^^ LoS 

ZA-Z#,+EF='f^ (2-3.6) 



Xm,v,-2;m,v,+2:F=^ (3-3.6) 

J 7 J / U^-JI J^AiJ -^jiii-JI (,r^l j^jil fSI jA dp'^'/dt J 



1,1 , tPLu JA^ :9.6 Ji^l 

ja£l jjll ijj^ ^ "l;^ jialall ^ ^i^-^^l J^*-^ CJ""^' Jix^all (jC ^1 Jill ii. JJXJ 

. [LMt^^] j*i 3-3.6 J 2-3.6 o^AjuA] j jji^ j^j 

(J^ (jj^ ^ialLJI .l.ic. ^1 L^l_Jti.l bUa-l (j^-oJ iJac! 4-0 jJaiall (jjSj Loil^j 
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p-^^^ = Xm,v, (4-3.6) 

k 

.Aic jioi ^ iT^ J t J ^iaiJI aJj£ m,^ ol 

iuij)alA\ 1 _ ll I n't (j^^ .A^jIaiAll (P ) ^-^^^ .^.1^ jA ' ■ 

■.V 2l« _jJiiJI ^ aL>1£JU 
7?^^^ = jjj^pv rfV (5-3.6) 

juiW ^ (J^Uuil (jj^ ^ ^ J , 11 J ^^^Cr IaiLs ^^Ja^l (JAodll 1^ 

^1 (Jlilinkjll La! J . CiIauAJI J SJaJjoull AluiUJI ^»LaiaiU 4^s-l=tiJI ^ jll l-i-a J 

-3.6j 2-3.6 o^'^^l) oAjLjaliiill jiAju. Jili^Vl 'a^Aju. Jjklj 

j J Z A - Zp'. + J," Z^^^ = II ^ (6-3.6) 
j'^ J^m, V, - j J^m.v, + j'' I — (7-3.6) 

'O ; 'O J 'O 'O dt 

Amj]^\ Ji.U tr^' (^J^'^ ^ I ^ Z"^' ^! I ^ '"^ 

L«A ^ '^f^jVj dt J ^'^Pjdt J itj- J gnl^'.ll l tjJJ JiilU 
J ?g (jiliaaJll Jjj ^»JjJiaJI ^.iLall Jsjllj 4_a_jJii<JI (j.<i ^jUJI ^ ^-^ ^1 f^j^' Ic. jn;. <i 
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.A\\n\<,'t\\ AlAjuil] JLaalaiL 4-0 ^jliiall 

^ (^J -O^ji^ 4A*jIj JJC. j! tAjulj jjSj Jl 7-3.6 J 6-3.6 jijljU-all Jj.laJ 

^jll ' «■ ^; .laJtj CjV^is" ■ "'^ ^1 ^J^l J (Ji^JI Aioll-o (j£<ij tjjjlUJl 

-Z^. + 1" Z^^^ = -^r (8-3.6) 

Zm,v- -Xm,v, + Y.Pdt =pr-pT (9-3.6) 

i i " 

,^^1 ^jll jA [ X^t/? J J ^o'j:^^^' </^^' JSilU 4^ jJilall 

.?(,4j5l:LijVI AiiaJll ^ 2lo jklJl ^^iniJI jA p'^' J ity 4jj1^V1 4ii=a]l ^ ^ ^^liiall 

Ji.J| ^ CS^ J t4jjfaJl 4jjllx-a]l£ 8-3.6 4jH£j1I 4j.iU-<ill 4ir u.^ jjlij .iS 

4j.il«-a31 (j^ 4j.^U. yii. sjiA (jL i^J^jj (j' ' C^J^' .la. J JJC. j ^jaJl j 

.4jH£j1I 

(| jl jil ^jll ialiaJ) tliVJla-a >a 4.6 

^jll Jiliajl 4jjLs«-a J .LojIj iiia-La La 4-4 jlkij jll ^jll ' ^ ^-i- « ^jll J JC. ^Jc^ 

C^^AjUi 't^i>aJI 4iLa. J JC. ^Jcj ^ jll i»i-J>il j^l Jij J^'-" 

.4jjjaJl 4jjl jJI illVjl«-a jj- Ua Ic jJji ^1 4jl«K'illj 4jLjaliall 4jjl jJI 

CLiVia-o J J (IjijlnTflll Lajja. JalLaJVI 4i.ilj«-4l 4jl hU'llt 4tJi.-i1I Jl nr',,l\ JjSj 
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if* sys 

-Z^; +Z('^x^) = ^ (1-4.6) 

(_5jLa3l JiilLj ^jhlnll (Ji.UI c^jljll Cj^'jix^ ^ J-<^ jA ^ uj 

^1 Jill ^ (jjSj Lajja. J .(^jl jll jJalall Jjijll cf>*-a (jc ^1 Jill ii. JJatJj 

.[L^Mt^^] j«i 1-4.6 aJjIxJI jijji^ U -csjljll 

La 4ijjajj c5jl jll ^jll (jc- 9-2.6 A3.ilxJI ^ 0^y>^\ 4^Ja«J 

Z('^x^<)-E(OX^.) + E(^x^) = ^ (2-4.6) 
X(^x(m,v,))-X(0X(m/^.)) + 2^(FxF) = ^ (3-4.6) 

.A-ojlilall 'UuiLJI Aij^jJall (JLaxJjoilj La <x jialal Z^**^^ (^3^^ t _ ll ■ii't (j£.oJj 

Glover C, ) cs j^Vl ^ ■■■^■^i'j sLjjjill sjjS JjI aIoiUJI ^1 m-^Vl j <jiiLu]a4-ll 
Lunsford KM, and Flemin JA, Conservation principles and the Structure of 
ialiajl cjVjIj" JLaaiuil L_ilj^l liA ejjl j3l JjUuxJlj .^Engineering, 1994 

iUljiijVI j;'^-"' jjj 2-4.6 2LjLiUill iiJjJI J-l^j JiUaJVI <JjUl- 

If Z(^x^,)J?-j'^X(^.x^.)J? 
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+ Y^(fxF)dt = j'' ^-^dt (4-4.6) 

JailU <-«jkuJI AikUl Ajjij]! j.j>JI ^ jA j ' ^(^Xj?; )J? oj 

" j 

jA ^(rxF)dt J J ?o jjiJiaJll jjj ^UiakJI JailU ^^JiiJI i> jliJI 

J ?o OAii^l cjh ^ >JI jll f^jlt jA (dV'' /dt)dt J 

4-4.6 aJjIxJI j j.^ :ix!i \J\ jiJI j J=>"^' '-i' j^jj f^J 7 j / tlAM^I l£->j 

.2LlLl^l AijU-all JLaaloiU 2 . ., J^J 

(jLaj 4 jil3L=JI !iS .(>3l] t<«jtj jjc. J (JjSj (j! 4-4.6 <]jL«-<JI (jLoj 

eUaa-all ^jiojll oiall Qn, h (^jl jll (J^-^ ilj^ ' ^J^^' J J^-^' -^J-^ 51ol£-o 

Z(^x^. )-E(OX^; )+ \l YirxF)dt =Lf'-LT (5-4.6) 

(JiiHj A-ajlilall AikUl Ajjljll ^l-a?- ^ J-a?-« jA ^(r. X f ■ ) jj tlu^*. 

csjljll jA ^(rxF)dt J <.tf J tQoi^^\ jjj ^=a^l (jAJi JiilU A^_^Jii<JI 

£^uiKti ^ti^yW cjUjjLui 5.6 
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AiliJI ^ jkull yu. ^^ Jjiij ^1 2-3.6 aJjU^ sUaxJI (^^iaiJI ^jLblij]! ^^j.^ll 
^F=0 (a-1-5.6) 

jUuVI j> A^LoLii Cj^jlj" Jji.-i'.lt (j£oJ i^jU^^Lo ^UJJI Ajjaojj 

:oi.Ul<JI ol^l^VI 
Xi^.=0, E^v=0' S^. =0 (b-1-5.6) 

i-^\j^Kj<<ll ^ I II n UJJ^^ 0->"-^^ A-oJj .(static) ^ji<m2l ^JkilU jjjoilj^l IaI^uoi 

^ j^l I _ ll 1 11^ l^IlTuI (yaj ( CllLaJjaikJI diLuj^joi UIlc. A^Jj^aodll ^.Lljjflll dlljj.^ 
e.llx. V ^J^aJi ^jJaJl Cjl jj^^l j jLujVI (>jai?. .(1-8.6 J^l) ASla-o SJjS 

A^jixJI ^1 U .ol.y.Ail Jc 1-5.6 aJjIx^I l^M liA J^^j V 111 coU/n.ML 

gJlstj 1^ J .<lJJaJI '-'^'j'l-"' ^ ^jAiill OJAlS <lulLa. ^Ijol^l 

1-4.6 

E(FxF) = 0 (a-2-5.6) 

La] liSj oXolxlall CjLjjI .la-V I JjLa-o (j-o JJ^ cJ^ Cj*^.:lx-<i (j^^ La jljC. (_jic. j 

^(rxF), =0, ^(rxf )^ =0, ^^(Fxf )^ =0 (b-2-5.6) 
^ajoiaJl LjLij jSjoi JjLuui jjoS (JaJ i_al£ U-o a-2 — 5.6 J a-1 — 5.6 (jjj3.2Lix3t JLaaiuil (jj 
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^IjjJI tjjSj f LSi 5.6 Jli*ll 

tj2>.l£31 a 2Jaa:3l j .2ja.rjJ Aj^IjJ Jaij-iu 1-10.6 J^l :4jluw 

ja. jjjj ju II flit Siaiill J 4 JJjJjll AjoiljJllI JL-^jjI 5Jsi4j p ^JaSjll j 

b J p jjj J (Ja.l^t (jjj AiLuxJl 1^ AiLuLs p J a jjj lJ*^»sj j . jjj^iill > jj.^^ 

^Liasll ^^ ALaill) Lai .^Ij^l lif;^ Lajja. jjAj jJjJjll ■ 

. y oUjVI {a Aiaill cKlill dPj^^ 289 UJ^ Sja J ^^ji .ku. 

^ A^jj 50 Ujl^iia ■^Jj 'f>j^ 14 J (Ja.lUl jjj aLojII Jjia (^jLoij 

(J^l^ll j-.--" t_j-10.6 J^l 

cjLjal jiaVI (> .iJic <a.U. t^lj^ill j SJcUll jSlI (_iLuiaJ j 

.(^ jj^l) cs^LJ' oUjVI <lc.U ja ^ jj *i • 
^jJl Jili!^^ Ajl.hlilll aJjL«-»]1 Jjlkj 4-«j.:c 0 Ji'u«A ^laliJl 2 2JU 

:Jl (2-3.6 

2 .jUv.^l <JU. ^ 1-4.6 ^LiLjaUllI iSjJA j^jll aIAsuu Jjlij iiillj jljt 

Aij^l A^Jte Sjfini J 

X(FxF) = 0 
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^jJajJ . r ^ CjLuI^VI j^J-a ^JaSj 4<i^jUJl t_iLjiaJ j 

((0.14m)(sin50° j) X ^r) + ((0.14m)(cos50° (-f)) x 289(-i')) = 0 

<ji jh'u (_5lc (Jj-aaj AjullLalUj .j^pjjj 242 jLui T*^ ^ '^-oJS ^jl (jjjli l^-i«J 

F^^^=242rN, F =-2897n, F =-242rN, F =2897n 
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1 .(jsVl ^ ^ aL^jII 1 ^ t u r^'i Ajjljll liSj LiJ^ Ji*^ 

ja. jA\ eJj^ j]| e jsll (jjS tLijJI 1 ■ ^ j AjoiljJI jjj^j 'UH (jLjiII jjj^ 

. X sUjVI Sjall (> Jjj- j^Jki i^Jalt ^Uj jI j 4jS jll (iLiiil .y el^VI S jSlI 

cSjsll 4<uill J jA j-aill .(jtLoj.i*x SjoiljjJl J J^UJI ^jjljS (jtj (jSLoi 

djVUa-a JJXJJ J .jaLoVI (3^^^ Jj^-j^ (j' i^J^' LH^ lSJj^ (j^^J (jj^ 

i-iL-ku (jj^ ^^Ijjll J 4jSIj3I ^ jLojj tt>ijll ^ 3-»_jiilaJl (jjall 

(_5 jSlI ^ "^'.^y*^ ^•i>» SS^j'^ * <^-^ Ajja-o AiiS (^JaJi j! lilli 

(Jj^ i^^illa ^iVl ^ ^1 JJ J^l AjniViA <-<ija Uiikj] (jjlj ^ J ■Ajjnl'. J 

^1 jill jja. jA ejj*£ll (Jic (biceps brachii) (jj^iit jli i-il i ^1 jill Aijac :5jLu»^ 

15 ijfijA (jc- ^ 5;^' J^' (>ajja' "(iaj^l Jjl^ SJja. jJl S jSlI ^ J^' 

6.5 ^Ij^l AiiiaJl ^ j-JI J' 4jaaVl S jSll t^jLujj .(_j^ll.6 J^l ^^i Ajjxall 

Ujj (J^'.^ (J-a^ ^1 jill A \ I ^r- (jl (j^jjalj .(_paj!iU Ajjlj^ Aj*jJaj ^ ^Ijill (jj^ (jj jjj 

.(>aj!il AjJI ^IjiJI sliy AijaaJl (j/i ^jS (JS (j* <*j!iUl 0 jSlI t_baia.l .^Ijill 

^J,aaJ . 1 

.Alj^] (> ^ ja (J£ ^ Sj^l ^1 (I) 

LaA iJjSjd ■> nil All It tj^ j .t_l-11.6 (^ jj^- A-ojiuJI Ja]ai^(t_l) 
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.2 



:CA^J (!) 

.(£' ALaill) (Jaj^l ^ajoi 15 'ujj^' 2 (^1 tAiiill jSj-a ^4; • 

.aJjS 150 " jIaII (j-aijaJI AiiS jLjjj • 
.Jax^ j^-i a1£ %2.3 jll ^ '/-'^ • 

jj^j^^j till jjjtj^l (<^) 

A\i>,i,\\ ja tjja :F^,Fg • 
tia^l S jS : • 
•cm, N • 

vLu^ .3 

2-2.6 <1jU<-<J aA^^I A^j.^ll 4-<i rdj^jlxJI (1) 

^1 t3aii ijkjj .1-4.6 csjijil Jili=>^l 

l^Jl ^Ix^] JsLjj La liAj .Ljajf j^ljill ia. ^.Ijtjj 

1^ = 0 
X(rxF) = 0 
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(F^^ x/; ) + X + (F^ xW7 ) = 0 
W =m ^ 

= 0.023(1501b.)r32.2 ft Y ¥ ^^^1 

\ s'j^32.21b„-ftjl^0.2251bj 

= 15.3 N 

= 86.2° cjULo^l .(cj-11.6 J^l) c^L^ JL«ix.U 

3; J X osaUjVI cs oA-jSII ojj^ (JL«ia.Lij . 6^ = 80.5° j 

(cos 86.2° (cos 80.5°)- 6.5 N=0 :x 
0.06627 +O.I65OF5 =6.5N 
F, (sin86.2°) + F^ (sin 80.5°) + F£^ -15.3 N=0 :y 
0.9978 F, + 0.9863 F^ +F^^^ =15.3 N 
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£ Ai^l Jj^ ^>11 ^ o^^j^ .r^ =(15/ ) J = r^^ =(5/ ,3;) 

X (FxF)^ = (Fp^ X ) +(Fp^ xF^ ) + (F^ xW ) = 0 
{(5rcm)x[F^ (sin 86.2°) 7''] + (3 7''cm)x[-F, (cos86.2°)r 
+^(5fcm)x\^Fg (sin 80.5°) 7] + (3 7cm)x[-F^ (cos80.5°)/ 
+ [(15rcm)x(-15.3 7n)] = 0 
5.188F, kcm +5.426 /t^ cm- 230.0 yfN-cm=0 
5.188F, + 5.426 = 230.0 N 

sjiA (Ja. • F^ y J Fg J F^ JjaW-- ajXj CjV tLi!ilj jVI 4-<i 

0.06627 F, +0.1650 F^ =6.5N 
0.9978F, +0.9863F^ +F^^^ =15.3N 
5.188F^ +5.426 F^ =230.0N 
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"0.06627 


0.1650 


0" 


F, 




"6.5 


0.9978 


0.9863 


1 


Fg 




15.3 


5.188 


5.426 


0 






230.0 
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"5.40 " 


X = 






37.2 








-26.8 



A^^l .4 

(3ajJI .lit <jaaVl a jail j ^Ijill ^Liac. cs^j2 ^^jS "^llui (^) 
oiA djUM U .F^^^ =-26.8Nj .F^ =37.2N J =5.40NoL!J^! 

sLhVI 4^ LU:ia ^ U .F^ JUa- (> ijiiS jjSI F^ Ji- J :t^^l (1-1) 
(jV JijjVl oL^jIj (J^ <]ac.L^l a jail Jxxj J .tjajAll 

1^ 7.6 Jlioll 

a Jilt I ■-< JJjljS ULia.! J^l ij-^^^^ 5-"^ l-LiLi. ^aaIi 

(jic. Ij!>UJI lillj Xiixj J .^jix^Li 4jlla^ Aifkj d±ri. i(^-\2.6 J'Sniil) (jlj.laJI 

LiLuia.1 > " 1 niji livLaJI jjl . jjl£jj ^ U I iilLj (J I ■-I'll'i jjl > _ 1^1 ^1 tl^Tji h jj Aikij^ 
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JliJl) (>=jVl ^ lioUlu Ll)UJI AjIc. lS^' J-^' UJ^ JiJ J^' _^ 



(jLuj (_^iJl jIasJI ^^J^JJui X Jja-all iAilSJl sLsjI y jja-aU eLaJiVI tjn^Uj 
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-(^yFu\ -(^U^tyX +(^2,yF2,A + ('"l,. ^2,, ). =0 

^1 sUjU AaJij ^Uuill J J t JLkJI jA (rj ^ )^ ~(^lyF\ X \ d <T?^ Jjilall 

.aJLJI sjLiyi Ajc. La liAj 4 2 jja^ 5JLiill 

grAj '(statically indeterminate) UijS*- SjJa-» jjc J '(underspecified) 

.^Jil JaUijI ClV^lx-a JLuilailj ;_J Jill t_jLjriJ AjslS CjLa jlx^ ^ jj V j .lilul^iall eiaJa-all 

dliaj cllliiUil ojlA (^ili La iJiC JL 



2~3.6 <ijL«-all Jjlij jjjja. .A njiii-s ejLa JlSijI (jjijl ajVlmn 3-a jlaia ii. .La^jK j\ 

X^ = 0 (1-6.6) 

AijLiJl IjJc j'L.'. AjS 2Lu .AlLiiLaJI ^Lui^Vl aJjUJI eiA 45.6 ^ialaJI ^^ 
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A^jj] jip V .(static fluids) Jil>JI J 4^ jaJiJl jjc JjI^I Liajl 1-6.6 

p ^IjS (jSLoi JLj, :iy^j^ dz j dy j dx Ail Jl jLi (^jL.u i_jxi.« 

aJjS 6 jL 5Jl£]| (_ui£JI ja. /jiaJj .(|-13.6 J^') 

2 sUiil 1-6.6 aJjUJI ijjja. .5iacL:a s jS L_i«Ul (jx A^j J£ ^J.^aijj .JjLiill 

Z^.=^P+^.=0 (2-6.6) 

(jj JJ .1.6 ^-Liiali O^J*.^ LaA j tAjlSlI S j5 J c<J=i£U.;all o j^ll ^yii (j) 

Ojc. tjJ^J 4^ A 1-1. nil JaijJall jS Ji^J e jsll Z dUjVI AJaC-Ljall o jSlI 

jJ^jll .lie JjLJi ^jJaijJa jjj Jjli <iP JaijJall JjJalij j n i ^'n j . Z + Az J Z ^J^\ 
AijUJl (JL«n^lj ..UnV^j .(l^-13.6 (Ji^l) <K <^ 4Jl£]l Jjjj .(jAliUI 

aJjU^I ^ jsjill (j^ljaJJ (j-a .^-^-'J (^j-alaUll ^1 t i iiil .4-2.6 

2-6.6 

P(z)dxdy -(P(z)+dP)dxdy -(dx dy dz)pg =0 (3-6.6) 
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^M.^M±^-p,=0 (4-6.6) 

dz dz 
dP 

— = -9g (5-6.6) 

dz 

5~6.6 Al^iU-all A-xi^l jtjtljli .(iaSa JLkxi) aJIaIII CLuIj jA ^ J tJjLall <alj£ ^ p J 

j-iiiinli ^ ^ V i Jasa ^lijj!iU jjijj ^» ■ (j! <jLi-<i (Jjlij cly^j 

:(o-13.6 (Ji^l) -.UiVI liA ^ 
P(x)dydz- (P (x)+dP)dydz- (dx dy dz)p (0) = 0 (6-6.6) 

^ = 0 (7-6.6) 

dx 

^jja_j-a3t jjC' Ljajl (Jiluui ■ (jl (_5Ll« Jj^^"' (jJJJj . jC el^VI JJ*"" *i ^» ■ |jl 

J^^JP=-pg (8-6.6) 

P2-P,=-P8(Z2-Z,) (9-6.6) 
AP=-pgAz (10-6.6) 

(^JjlniMS (Jj'il .liUiLjJ .jjSLJI JjLoJI jj^jJa jjL^aalo j.a 2 J 1 iJlu dlja. 

.^lijlt ^l^j Jjluill ^IjS l/^J 't-afj&lijjl JjaII (2)^Lui JjLui ^ >^ 

(10-6.6 aJjiLx^I (j-o t>«jVl I— ijUl (jliJalall) JjLull ^UjjI (jc. Ullc. "^^ 
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^ A ^ Uir^W jj .(14.6 J^l) C J B J A cjU^I JSL. ^.jU 

(jAiia ^r^ljit JjLaJI jjjj jA '-^j "Pi^C-Zb J-^^ B ^ . .^11 

1-iT I ^11 iAJuiUi ^Jaaj (Jj2 (JjLJI ^liijjl . B J A (jiliaiill (jJJ ^^LouJl J 

(JjL^ (jLoc! ^Jl^ L)L«^ LH* J*^' (julill (jS-oJ .(iLall Cjaj (_>^ jiJI 2 US; 11 .lie. 

^111 (j£LuJI $.Lail ■ '-~ ;_3^ ■ ((Jaa 0.5 J^-*."j ^•.j<.„\l f,\j^\ Ui , U 

.jjLuijyi ^joL^. I >-i 78 j^-^ 

a1 (JjUji (jAjJa AjoiSj ^liijjVI (_jJc. jjjillaaj (JjLaJI ^^JaijJa (jl ^jjfJ 1^ .(JjUJI ijn>'n 

10 ^] LuJalc. (jj^ LaAic l-^^<1nl■^ Aj jxJij ^- ■ '-^l j .(j!)ljLila 1 g i AIIj^I 

jibUj .1^ js (JjLJI ^UjjI ,^Ic Xojaj La S US; ^ (jSLJl (JjLJI Uti^ jl ^ ^^.^iUJI 

ilj/ik JjLu; AjjLi. :14.6 (Ji*iil 

J^lii) J (JjS]) (lyj O^LuJI JiLuJ) LLia JjS 8.6 JII4II 

^ (JjLuJI (jjj (J^l^l J ( Vi^lt jjj (jSLuJl (JjLluJI Ui\>\ (_3ja i jni->l iAJ^um 

.1.056g/cm^ cSjLaG ^.J 
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■ •<■'<» 10-6.6 <l:ilxJI JLuLLoil (jl^ JjLJI AililS J i jkij 

:Lia.j^ AP I ^ti (jjS (jjSj ^! (jia Ji^J •(15.6 J^J^I) 



AP=P,-P2=P^(z2-Zi) 



1.056- 



(5ft-0ft) 



0.305 m 



ft 



riOOcmVr Ik 



II 



lOOOg 



760mmHg 



101300 



kg 



119mmHg 




(JjLJI Jai.^ jji :15.6 JiiJI 



(_3Jjj 119 cKlill ^ (j£LJI JjLJI iaijJa Ajjj tijj 

^ j/'<; jjS! J^l£]l (jSLJI JjLJI jaijJa (jV J jSa-a liA j 

V tliLai sUjSi Lai Usj il .(j^-i. Hill jjj Ja.lUl J l_iu^l .lie JjiaijJaJl JjS V 
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> ' u iijl I >t\\ I^JS JpJJ <aJai«ll A-\\ nmj iX — y (_g j"i mmH ^ ^jJa_^l JJaJJ i ^nti JjijJ 

jxoJall ^ (jiiiJI JaijJall La! . jSLJI JjLaJl JaijJa (^%=>-j ^J-^ U^' (J-ai-^l 
.(jj^Jallj ^1 1 11 jIsijI (J rT'> Hill (jjj ^ n'^yjn 

jJjIjjIa ^ i^LuJl JjLuJ) Lxjia j^jc 4^LU1 » jaJI 9.6 Jli»Jl 

S^jj^U. Ji^ JLoALj .(16.6 J'S i nil) *.La]Lj j/''-^' - " S J R jijjjLa. JUitj :^JLuLS 

.Ijjj^ ^jUuj <jjLi. (J£ t5^^ i-s^ '^ill (j\ i_s\ 'lW^ iJjLuiII (jjs ^» i >i (j! (jiajpal 

JLaajjoiLj .laj tli] . + J ) (jjijjUJl jj-a J£ JjLJI ^Ujjl jLay iJaJt 

•1 ■ '-J^ 4 niQI jA J AjjU. (JS (jjJ ^- ■ '-^1 jjij fj 10~6.6 AJjlst-all 

AP=pg(x+y) 

.lie ■ •-'ti jV ' ■ '-^J^ jUjl m'n ^jjJJjUJI 4^.^^ .ijc (jLkijJall j .^Lall AiljS p (j] '"'J^ 




S iijUJI 

jUj! jj J AjkUaJI j_^jL«l» jjl!jl.a. (^JC-li j£UJI JjUull iaiuJa IjjS :16.6 Jiwll 
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jLuij J l^joisj cJ^ o^lS 0 jj^*^^ (jSLuJl JjLuJt i >-i 

F,=AP,^^=Apg(x+y) 

J=JI (jU lillj . S AjjUJI IjJt ^1 ^jLUI ill liJI j t> Jal Ujj 

JaijJallj B^yiLhi ^ J ' ^f*-5 ^J^-^^ ij^J'^ ' 'Ujj^ UjLui* (jJiijSlI 

^ jjJa jja U-o (jij jSll (_J^ ^:}^ '-'^ .e^lsll (j^ y ^liiijl ^^c^ Sji nKll Aic. J j-a]l 

.18.6 aJLJI 
ojlluLftil 4jjJjLAi) ^lal^) 7.6 

(_5 j2 Ijji Jijj V J _jialall JJC. ^>Auik (^jLo JlSljl l^JS Oa. jJ V ^ _jJaio ^>]aj| 

8-3.6 yjU-all Jjii^ iii!^ iLjLl£ill ^i^l 

o=pr-pr (1-7.6) 
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^ ojiL^I 4-0 jjiloll CAS^^^[k c6.6j 5.6 (jJxiaLa]! Cb^is 4jj jLuill 

.4-0 J 1-1 'mil jjAkia Jja._j-o31 ^3^1 (jc p*^* .iaJI 4-oji 

jiiU li /jjli J 4-0 jliloll J jO^ 2^ J (jllJ (jl^j 

e Ji^^oll 4ja.jUJI jSJl J t4-o _jJaloll J jAa. (jn,>t LjK jXosiJ Jsii Jjj j"'-" 

.aj?ini«ill 4-0 jiiloJl dil^yij ij jSJl sIa jpjp V .4j jl jio 4-o ^jJaloll 

4Jaaill 4.0 jiilo] ^1— 11 jsikjll (jl (_jJc. jj-ajj Lgjoiij sjLixJI (_jJc. J_^«JI (j^-aJ 

jjjli jSjj .j^Jjjll i^ljlKjnll 4jjl4jjVI 4JkaJll ^ 4-o j)W)n\\ (_^i]| liJIi J^l 4jj|jdjVI 

^ 4jLi.WI (_5 jall ^^Loa. ^ j,oa^ j! IIa .jtI jJ) ^ IajIj ^^jaJI LuJj il^J J«i Jj Sjfl 

(jjSj lil .(jdojll ^ J»"^ L&st-o V^^J S jSJI *— *i^>"^ (j^^ '^j -Ijii^ C?J^-"i 4-o_jlalo3l 

^ I^j .tLlj 4-0 ^^laloU 1^^^^ ^ji^^ (jj^J 2 ^jU.!.!! ^^Luall (jfl ni n\\ 

.1-7.6 aJjUJI 

CjUjLjI JL^ 10.6 Jll»fl 

4Ji! cjjSf 4 (epinephrine) jjjajiuyi jl^ ^^J sL^iSlxiiV ^ jffl tiu! 

(j^j .1^£jjLij 0^'j=^ 'cs^' -joiaJl jjAila illLajaLaJl (jL^I Jjjj 
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^j/l^J^i .-lit ^^Ic 4lj^)iL<i (jji'tj'ii r^il 1^1 . .il (jiaJ^pj jjjjiiilj'yi ^UalLoil lij .1~17.6 



J. 



8.5 mm/s 



# 

= 10 mm/s 



Cj\a\^^\ :i-17.6 Ji>ii) 

Li..al (jljJjIjLuVI tjljC-Jjolllj 



l «J«->'' . 1 

JJ^.2 

.UK jJC' - ■ —'^^ fj\ ^! (l^.^Li.^ ^3Li LiK I ' il ^ <ct'. ^ti • 

1 . M . JjS jl'.^ji''. Aj3 jjaJI ^ jlalail • 
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jyaj^'^j till jjillall 
^ La jjjjj f L^^l J 4j>jL^I JjS La jjAl 0 Jjljlll • 

•pg 'degrees 'mm ilU-Io.! • 



.ajU-oIII .ixj t'to. ^"iti 



(Jj2 : jjjL^aiia jjJdliaJ ^ jkiJI ^Uj UjV 6-3.6 AjjL«-all Ujii.1 : (JllV .iLt-all (I) 
5J jj*-4 4-a jJilall (jjSj lil .Llajl 4-a jlkiall J j^la. (^ia^l JJ*J V j .aJIaIII 

:(l-7.6 Sjilu- 

o=pr-pr 

fjf'\]-i'\\\\ I'll «1J'lll■^ll ^J<^■^i S^ljUtJI 4j1t'»1I ^^^I ' . 1">J taJA n Ha i ' il <<j'i 

^^^iaaJI ijj-^ (^'■^'^' t,?"^^' <-a jJalall j>a.J (_jJc. SJ^iU-all e^A (_>-aJJ 
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: AjiaJI B J A o/l'-jV.^ll y;JC- J" J • 

mm 

s 

V 5 0 = (-8.5 (cos 36° ) r - 8.5 (sin 36° ) /) — 

s 

0 = (44pg)v,,,-(22pg)fl0^V(22pg)f-8.5cos36°^l :x 



0 = (44pg)v^ , -(22pg)[^-8.5sin36° : y 

^ -mm 
v„,=-2.5— 

A^^l .4 

.v*j = (1.6/ —2.5j) mm/s l^jUjij QjjL^jjLJl j/i^ jV, ^11 (^) 

(perfectly plastic L»L«j ,^^1 j»jLuajIl ^.^l j:^ ^^.^L^ j 

j\lial£ ( 3; J X jjaL^jVI mr^l ji' JiUaJl j> tij^ jtlM jtiljUJI j .collision) 

f ** ^1 .1^ \ \ ^jlj^aj -^^Lfc^iil ^xJ ^^^il&x^lLall ^ A***^ . ^^Jj^ ^^^^ ^ " ' ^ ■ ^ 

y^U-a (JJjlaj '-^ jla-all LaA jjAuAU JUjIJjjVI jlijiall l^JS jjjSj 4JUJI 
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4^^kuJ ajS jaJI 43Lyi i (perfectly elastic collision) Ltlu j^j^Si 

:^ jJi j=Jt mil J >ii .L^ti^l liA ^ JiUaa:)U 
£^=|mv' (2-7.6) 

.1^ j2 V £ jfl I II «i <jijlala (JAjJa LaLoJ ^\ 1 ^'11 (jj^ Ajb^aL^I aJL^I j 

0 = £j^-£j;o (3-7.6) 

J 4jjls«-<u jlilall ^LjjjVI j ^Ijdj^l jiLSjaJl jJ^aLJall el J^oi- jU lil j 'l^l eUjI 

^ jj l^Ua (j/i Llaju 4-«jL^iLa]l ^1 ni->Vl JjaJ L<i.ijc. Jl AjSjaJI AiUall 

j! *jlj^ djlsijjl jj^ j! 4^Luia.Vl JlSji! ejjiS Lolic Ji ^-sj La jljc. ^^Jc. sASUaJI (j/i 

aax^ ja jIjj jVI J-Ij" .aJL^I JaJ (_s j^i AjjL«-a ^ j3 4(coefficient of restitution e) 

Bedford and Fowler's Engineering ja j 4a£ jaJI j iiiLu jLJ) (-liS j A£i*]l 
V-i? -il-iJjVI uc- .Mechanics: Statics and Dynamics (2002) 

^^^V|nto (4-7.6) 
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JjS ijiicjui] Jja jA V J — ; ^j^^ — J" ■ separation 

. jjL^ 4jSjaJ) aSLUI ^Uilaj iiJl£ja.VI (jjSj LoLoJ (jjJl - ■ ^''1 <1U. ^1 jll J 

dlLul^'yi CLlULajl lilij jc jja-a eUjil ^jLaull J^' JjcUaS 4JJ«JJ 

.iaaa oUjI CjlcjjaJl jjj (Jjsll te <-<ija Aiiaj jj^ ilil 

^jL^I Ija^L^I (j-a (jjjallk-a (jJjlU. L_llji]l IjlA ASjJ^\ J-aU^ J-axJjaiJ 

'(direct central impact) j^hA (^jS>»ll |»jLuajJ) ^^ .JjLJI ^jS ^1 ,»jL^I j ^UJI 

el^l ^ -J'*"' ■ " - Ja^ I ■ B J A (jxulu^l ^'"'^'"'^ L_ijl^ 

jlljjVI (J-l*- c^i^JJ -(18.6 J^l) (.jI^I ^ iaiJI ^ jli jjiij (x oUjVI 
e= — ' — (a-5-7.6) 

'(oblique central impact) JjUil jS j^l j»jUajJl ^.^l c^jL^I j> ji.Vl ^ jill 

<jU1i LiA (Jjkall J .(19.6 J^jill) Ls^JAUjI jjJ AjjIJ j JJ Bj a jUjlalkil - '1 — < 

j^Uui fjA iaia Ajkjx (_jJc ^^Ly ''-^^ '^j 'jiiUall ^ajL^I AiU. Jjkjll 

ij^^y^ licJj *^ B 0 ^ A 0 U^-J^*^ yj. "T^ ^"'^"'^ i^j^^ ^1 ^j.ia^)a3l .Ac^)jLu]l 

(J.utJj ^ "^/'^"'^ Aj^jj ^jU^adll ^Ja^ ^ ^ "■- (J£ 1.^.^ ojill 
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«A,0 



^1 JJ (I) 



(^) 



. F 4^ (.jU^I ftUii! Lijj 6 Jill .B J A jxajlukJI jjj j»jU^ :18.6 Jiwl) 




.B J A (jjflj.ii7.ll (jjj (JjLa ^j^jji j»jL^ :19.6 JiilJ) 



Bedford A an Fowler W, Engineering Mechanics: Statics and Dynamics. Upper 
Saddle River, NJ: Prentice Hall, 2002. 
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SjjaJI 11.6 Jllkll 

.elj^l jjlj (jjSjla-all jjii.ljJI CjLaLojAl _>j£l jj^ ojjiJlj (_>ul^l <jLaa. ^)JJ3«J :AjLui4 

- s U , ^1 ^ (A^l j^l ^_^ic. Clulj lIiJ^ ^ -"'J^ liij^ '"''^ --^1-^1 1- Qui^ (>°J 

/uUi jJl Js^ si jiJI c:^ V .(!-20.6 J^l) ^jjl^l j> Iji- 6.3 Aiijx^ o^jVu A^f j 

.(_>ul^l ^ *! I .-i"! ij^ji^ lA.il Jjjl (jja. 

'^1^ 5 i^J^^ liluitj 4jjS jj! (jiajfial .^jxat lUi r-^VI .isu liLuljj liijjj^ ^^JC^jjoi i 1 nit I 

(jjj ^til-.,^VI aJU 0.82 c^jLou jVI J-l*- Jj 'U > 330 cSjUS si jiJI 
^W, J i'^jj^ JjVl jlL; si>JI ^Ijik^l <JU ^ 0.17j '(>jVlj Si>Jl 

(jja. JJJJJ (_>^l^ SijiJI ^^jLaJI > _ 111 ■^ II jj^ (JjLi-o liAj ^^1 

3Jl£]| JjclLo Jial J .((_h1j1I Slkj i-jsij (_^jla (^Wl S-"WJI J 

.4la^ (iSl£ja.VI J fl J^l 4-4 jlia j 

ILllLjaljpaVI (>o lj.lc '((.llj 20.6 (j!)lSj3ill^ (jiLajJalo ij^l 

.Sj^'lnifl 4jLa. ^ (jtLojlila]! • 

jiiloll J jJLi. o.iL<i jli^ ^ • 

.4ja^l (J*a S.lj iJIa Aia.jli. ^ jS (jilajialall Jjjj V • 

. JjiU^ ^IlIajL^l tjJ^I ll-ii,-iVI • 

. y oUjVI (Jj-aaJ ijjjVI llLiLalji-a jjjSj (tlllcjxJI (_^!) tlll^jaJl ^^Laa. • 

.Aia^ t«Jl£ia.Vlj f-\ J^l A-ajliaj 5Jl£31 JjcLLo • 
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.oJijai J si jiJI :2 J hi J :2-20.6 JiiM .(>=jVl j SijiJI :1 jhull :(-i-20.6 Ji*^) 

.^l^la^VI ^ LJ f J 

:2jLij a-5-7.6 jVI (J-l»-« <1jL><-4 JLaloiU .y^ ^ =Vg_f =0 jt (>» Jiijj '(>a jVl j 



e=0.82: 



v«,f=0.82 



-6.3 



5.2- 
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JjS (j^l jll Ac jjo^j .(v*^ Q =5.2m/s Ac (j^a jVl cjc JUuii Igj] cs!) (>a jVU Ij-alllax^l 

2 A-ajkiall ^Jc a-5-7.6 jVI J/il*- aJjU^ (jjiK'i .(iT^ ^ =6.3m/s ac-jjoij 



0.17: 



-6.3--5.2- 
s s 



-2.0— =v^f-v^f 
s 

(jV 4l~7.6 aJ.31«-<JI ^itodl ^^jJaaJI Jaliajl Aj.ilsi-0 In' n n i^jjac^^jjl aj^ i li i ii-> Ij 

^ aIcU Aja.jLi. (_5ja Vj iUjj.la. JJC aJjS t^aJuj V J iSjSlaui aIU. A-4 jJalall 

Q=pr-pT 

0 = (0.330kg)(v ) + (5kg) (v^ f ) - 

[^(0.330 kg) [^5 .2 7 ^ j + (5 kg) 1^-6.3 r j 

-29.8/^ = (0.330kg) (v-^ ,) + (5 kg) (v^ ,) 
s 



-29.8/^ = (0.330kg) (v*^ , -2.07^ -) + (5 kg) (v^ ,) 

s ' s ' 

-29.8/^ + 0.66/^ 

vo f = ^ ^ = -5.5 /- 

(5 kg+0.330 kg) s 

v«,f =v^,-2.Qj- = -5.5j 2.0j - = -7.5 j - 

s s s s 
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eijiJl ijjLo 5.5 kcjijii <?JJ 'eij^W ^alAkj-^l .iaj 

(jiil^l L_l^>jLia] ^^ic sjji. -Loj ^jSj ^ jl .Ajjljll ^ 7.5 4c-^)jaiJ (J^jVI 

lil .(>ajVl eijiJI ("uLrn A£.jjJl ^ j i^uljll IjLo 6.26 l5 <tj.uu 

J \1 1 

^ jjaUt jjp ^ j& ^ S jiLubJi ^iaiii 8.6 

liUj ^1 ' °l ■ •■~J .l^ijUa J »bi ^^Ic - ■ '-^ ^1 r > ■ - ^ s.^LauJ <.aAj.^aJI AJJJ^I 2j_.Ull jj^-^'^l J 

S^Luia Sl J JJC. j! (_llaJl JJC (jSJCi JjLji 4iaUji jj ^ jll (sjJI ^JajJi aIlJ 

(jJ^ Ia jl 'Am jWmW ciiJJ (jl Lk-^il ^ ji^ • ^>*^^' (jjlnill S^lcLoLa jl^-^ 

^i'. 4jSaLi/i ^!lL!il 3 (Jj-asll ^1 J jiilall J jJLa. SJjill (j.o (jj*-a Jjio 

.4-4_jiaia3l JJC <Sj^I 

4(jl«-<i jSx.xij jiilall jj«j (_jj]| (CjI jUJI j! ^1 j^l) JjI jjoill Cjlj ^sJajll Ajljk ^ J 

SJjl jll 3-3.6 aJjUJI jki .2L.SUI (^ (^^1 ^j]| JiUaul SJjUJ ^^LiUill Jl (jjSi 

jiJI J (Ji..lll 1^1 jLii oJ.lal» 4-0 jialo ■ 3.6 ^ialall (^ 

Xm,.v,.-i;'^.v^+Z^ = ^ (1-8-6) 

:4jjlx.xJI oiA ^tiL^ J j»SI jjII .ia. tsjSlauJI j]aia]l <lLa. (_ji j 

Xm, v, -X'^;^ +E^ = 0 (2-8.6) 

' J 

Jia-aJ (jSJlo JjLui (J£.ki (_jic Ujjlij jl 4-ajhi<ill 4jjS J^Jj Lalic Ullc 4j.2L«-a]| e^A (J/utLai 
(JiJCi La Ulc J .(JjL^aiLa jIjLo JSji lAjjlij j! 4-0 jJalall (J^'^ i} Ljajf ^jll (j^-oJj 
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^jll jiUajl aIAiuoI AjLI£j3I iijj-Jl jjSj lil .<lu«-<i Acjxiij IajJUu J A-o^jJiiJI 

jUa JjjjjJI sjS Lall:i. t^illa J^Ul ^^jll C-li m^l A-ajXa ^ ^tn 11 

ejik J -j (_^i3l SjpaJU iAjoij^l JJ^I Jl-> nit liSli aILsI 

(jajijjj .0.1jaiJj f.lcjll (j-o JS^ *■ tJ*-^ (.5-^ ^-^^ (jfli il V jn-s n JJ-ljJ 

(Ji.JI lllljLjJ oJ.l«la 5-0 jlilo ^ 6-3.6 (^1-1-^11 iiUajl 2JjL«-o1 AjLoI^HII AAjj-oII 



r i^^^ - r + r ^^^^^ = r ^ ^^-^-^^ 

0 0 ^- 0 0 at 

Z^. -Z^. + r Z^^^ =Pr-pT (4-8.6) 
Xm,v, -Z^.^ + r Z^^? =Pr-Pr (5-8.6) 

i j ° 

SjaloLoll 4-0 jiiloJl aJU. 4j.lUi-oll eiA Jjiaj j 

^m,. V*,. -Y^m.v. + X^^^ = 0 (6-8.6) 

.^iaSio jIjLo (JSjj j_gJc. 4-ojJalall 2 h<l l jjj,^ 1 -'■j^ Ullc. -il l J 

J .^LojaVI f^yJajA 4-ojialo3l ^j! 4ja. jUJ) (^jSlI (j<o j^J 

(jS-oJ 4jjl j.o]l SjSlI (_g-ajaii c5J^^ * tAiaHaJl Jjl aJIa. .4ja.jLiJI jill (jc jjxj 

aji ^1 A:^L^ 4-oJ '2 ■ ^■'■^ ^-i^ 1^ Mj^^ .Ji^ (3^"^ Loli^ 

e jall e jA (^-4.uij .1^ j_3a.ii-o]l JjLuJI ^ 4-o jlaloll (^j-iiloll j! i_J jjj5iJ AioUJI ojLoII 

t_Laj caaUjI ^ (3aiLo JjLu, jlij Loiia. j .(rcsultaiit force) ^jjl>»il SjSil Lilli. 
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«.! ' _ 0 jjt I ,-1 AjC jVI '"'j/'"'^ UtJ^^' CS^ CJJ^^ UJ^ 4(Jl!l<a3l (J^f" 




■.^y^ X »UjVI ^ 2-8.6 4jjl*^l J ^1 '-^ 

"^iv -m, (-1; 2,, ) + ) = 0 (7 - 8.6) 

5-2.6 ^^ <>=iJ«^Ll .j; jaJI J Ji. J jU (> X Jja^ <.^LaJl dUj^^I ^ 

Y^Fp =-P^{-i)A,-P,{-i)A, (8-8.6) 
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^l^U +^2V2,x +PAi+P2^2+Fr,x =0 (9-8.6) 
pA^vf + pA^v^+P^A^+P^A^+F^^ =0 (10-8.6) 
=-pA^vf-pA^v^-P^A^-P2A^ (11-8.6) 

jii ^Jaj jA\ 0 jail <J.iIj«-o aLLJI Aii^jlall JUaioil jjLoJ 



(1) yujl 




^S/l :22.6 Ji^i 
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tjjjU^I tlilf UaJI jjc ^Jl>»ll ^jSJI 12.6 Jli*ll 

^ JjLJI 4JjS (jai Jjs-o .22.6 ts^ ^inJI ^jjUVI :5JIul» 

4-a_pUI 4j jl jJI La .Vl (3^.^11 jLiil ^LiiaaJI Ac^l (_^jLjJj CjVLaJl 

^ jjiillj . Ji^l ^ iCniA ^\hl i»uU\^ AjjUI Jj^I 42)1^1 ^1 j> Sl£ : JaJI 
e jSlI (jU lilj tAia^ (JjSj i j .2-8.6 aJjUJI JnT'imini lilj 4sjSlaL4 aJU. 

m (v^) - m (v (-r)) + = 0 :\a1\^\ 
= liiv (-2i ) 

m (yi )-m (yj) + Fj^ =0 :(_! 4JUJI 
=mv(-i +j) 

m(vi)-m\v\^f + ^J^ + F^=0 :^yUJI 
1 h 



2 2 



S jS (^jJJ^J- ^ J-«^ jJI jjjVl I'ljn'il 4-4_pUI s Jill ii^V 

^ J:ix.<i oUj^il (_j.uSUjj JLkJl S jail Jl^ (_5.i=^l t^jLou J - y J X jjaUjVI 

(jV tllUjll (^jjj ^ ^i'^ Ml in liij .(_Ji..lll jLu ^ (J-^*-» Aijlj]! 4(Ji.JI jljj 

^ IaLuj^I l^joiij CjLiJal jja*^l ^-^ M jf"^' u-" ^ nj?"u.i<i <xlaa AjjI lliic. (jl£ jlj 
jtilUJI .1 ji.^ <jjljJI Sjall cLk lo^.nT, Sjall lik^ d^V Cj^UJI 
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. 2mv J jix^l Cm 



^11^ ^ ^ ( ihnU Jj^ O^J?^' 13.6 JIIaII 

L_ila]l cK« J ^ jjl^ JjI^I AbioCor™ jl j:lLa lAiLw 

^jln'mn (jJJja^ li I ABIOMED gjjj j .4%]^ j j (jc. <ia jj ^^tjiUII 

^jjuialjial CjIaUjI 23.6 J^l ji^j .Aija^ill AjJajj 80 lT-^ ^ ^^J^ 5 

(Jj^laJI I. I itaU ^^l^JuJa j3 ^jj-aij (JLajp 4jc jl Ajujl ^)JC ^.ill (jU^jaJ 

^ A^ja. jaij ijc (_5 jSlI .Ajc jVI lillil <ijL-ijj*Jl ^llall CjU-Loui ^ 2.6 

lillj CjVUa.<i L-iSji < Uii'.l J .l(jffl-.' ii (_jJc. (j*^^' U^^^' cs4 CSJ^J^' 

.1 

.^Jl (33-^ oLajl JJXJ ijii^ (j-a jxiotiJI l^Ajj L^Lajlj 0 jsll (JUi« t ^Ij 

^^Ll^I ^1 Jc A^j}^\ .ij^ t^^Ji .23.6 Ji^l jiijl - ^1-- -" (-.') 

(_ila3) eLaj ^ini-sll j^JaJ Ajjl j.all e jsll j ^_j.<i.JI ^ jVl U jJaJj 

JJ^.2 

.^AjjJajj JJC. ;_5!) AjjIj Ajlc.jjaij ^Jl jjai Cj^':i3ua • 
. jliaJlj jjj -'I .lie j1 ^\ ^ Cj^icliij V • 

.aIs^ ^laljijl 
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6.0 






2.5 






8.0 






4.0 








.1.056g/cm^ (.J Ail!iS ■''^'^l 

• t^jj jll ^jjll :pv • 

•J*J^I U^>^1 :ao • 

AijjJl :vc • 
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.Aj-a-uLsJI sjjJI :sys • 

.^jjjll 4-0 j^'-^l :pul • 
• kg, m, s, N • 

1— LTiJ 1-8.6 AjL^liall (^-laiJI ^S^^ ialiajl <].il*-<i tCjV^lx-all (!) 

1 jikjj .10-3.3 aL^I Jili^l aJjUJ UxiaUUI a^j.nll JL«i..lj ^32:^ cjV'^ 

Jill J j^la. cej^Uiio 4JU. 4-0 jJilall j! j_^t 

m^v*. -rhjVj + =0 
m. -rhj =0 

:(_jL^1(<_j) 

^ll^l CjI j=>^ (j-o Sja^ ^jii j!l«,o V J L-Loiaj • 

iLa^ A^jUJl aJjIII (jSJCi i_l3all ^^i-aj (> 4jjS31 (JfiSl jLoiJ j! 

m.-rhj =pV\ -pVj =0 




Ajjjll ^ JjLJI (JLkx ( .1,11^1 .23.6 (J^l jJi- JjLaJI (jsjj oUjI • 

:4-2.3 Aiajo.! jj c^jjjll 
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5i 
min 



riOOOcm^ YlminY Im 



Imin I 
60s J 



:0.139- 



I 6cm' { L J{ 60s j^lOOcm 

v„ =0.139— (0.816r-0.408 / -0.408 /f) 
s 

:<^LiL<i <aj^)iaJ AjCjVl Cjlc^)jbO ' J 

=0.333 (-0.667 r + 0.333 J + 0.661k) — 
s 

=0.104(0.89r-0.457 + 0.0;t) — 

s 

v„ =0.208 (-1.0 r + 0.0 7 + 0.0£) — 
s 

LaS jaII s jsll ■ iAj,<ujLaJI 

m,.v. -m.v. +^/; =0 
0.088^ Jo. 139-^(0.816^) -[^0.088^ jj^O.333- j(-0.667r) 
=- 0.0295 N 

•^/e.sys =(-0-0295r + 0.0147 / + 0.0245 yr)N 
./;p„i =(-0.0264 r + 0.00412 j')N 



= ^(-0.0295)' + (0.0147)' + (0.0245)' N= 0.041 IN 
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A-yfnW .4 

^yijll A^l jA j^li^l i-jJall oUj ^.joiaJI La^^ jjtilll ^jl n°ll . .-ill ^jlj jfill : t-jl jaJI (i) 

^fi.sys = (-0.0295 r + 0.0147 j + 0.0245 £) N 
=(-0.0264 r + 0.004 12 J") N 

j]l ^iii<J]j c 0.041 1 N ^J^' AjJljJl Sjall Jlko 

(-5 J^-^J 

. 0.0267 N 

<l.<uai=>JI <^ jiilall 2jCj! Cmj s jSlI JLko J -'I S^LiVl fliV (^Li-all 

iIl^Ijj j1 i^^jmjAij jinJiUll jj^jjjSll j^U^l JUa.*!! j .(laSi (jJJJjll 

j!l f U2I ial ^jAj 14.6 Jliall 
(jia Jpal .24.6 J^^l tjJfo jA L» jjjjLaJLo jAi. sLJI 'Ua.jj (Ja.! jj^ T ^ISj 

jLjj lil jiaill La^ (Iw^jfjl l5 ' ""'l^ lW^ J^' ^JJ^ 



^ CjUUjI :24.6 Jlill 
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jtiljlsLx gjjj 42-8.6 sjiijouJl 4JUJI (,5^==^' iiliajl 4j.ilsLj AjLjaliill 

■ y J X ojaUjVI 

-m2(-ir2)-m3V3-P2(-lM2-P3(l)A3+F«, =0 :x 

mf,-P,(-l)A,+F^ ^. =0 :y 

^^[jJajxl\ AjiiaLi SjkLouij JjVl ^J^l jIjJ (J^-^ L&«-<i (JU=ui j! ' J^J 

X eUHVl AijU- AjtiS SjUI 0^ g^l 

(P2-/'3)A2+F^^. =0 :x 

jjc X eL^J^I 4^ Ajjl j^all 6 jall JLkx . Jj^oJi iaijJa S jS jjC-J stall ^3^Jj jjc ^a^lill 

^^U,;-.! j^^dxJI JLkJI ^ ;Uj ULu j! li^j^ jjjlj (j! iujl_^l S jail dUj*^/ ji-jj .sLJI 

S jiLyLAit JJP ^1 9.6 

^.^LJI JijIU La^j j! e jSLuLsIl jjc. ^Jajil ' j . {j^ jll ^ ((J^-^l J^s-a jI ^- ■ '-^1 

-3.6 iili^^VI 2LjLl£:i3l J ^uL^iiHi a^i.^ll Jot',,,^ L, SjUj .Uiji 

J j^ljJj'il i-ajiJI Jjiaj ^1 A^U. jjSj .13 i^jLiJI ^Jc '^Lbj .(6-3.6 j 3 

^-J' Jjii^ '<-o jiaxaJl Jj.la. JJC -j-'t-^I ;_5jL<i11 JliliVI (>i AjlliJl jjajll j--^; '-^ cs^ J 

: 3-3.6 J=LkJI j^jll iiU=^l <J^l*^ ^Aiiliill 
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=^{p''') = ^(m'^V^n (1-9.6) 
dt dt 

Lo£ ejJa.Vl AijU-oll j£u j 

(2-9.6) 

^ dt dt 

' -j-'^^l (_^jLo1I JlSijVI . a*^* 4-ojiaiaJl ^jLui jA (>oj3l ^ Ac^jjuJI jjl jSii 

LoS 2-9.6 AijLx-oll ^u^' li] .Iji^ Jm'^Yrf? ojSj °^ t>j ^Aiilj jkiJI 

^F=m^^^a^^^ (3-9.6) 

La£c. ^ajaiaJl ^jLaU ^iS I J . ill TlJ tA£ jsil ^IjJI (IjJJjj (^J^lS 3-9.6 AJjU-oII 

^ilif^l f USi f L2aill * J*^' 15.6 ipA 

IjjliS (_^jLuiij .(1-25.6 (Jij^l) ^^ia^l j^-'V' ^ -> ■ SojIj (jJ^Lj :5JLut« 

.(^JjJajVl ^jLoii Jllo! 6g lsJ^ 

0 jail jl^ jA Lo t(l_J-25.6 J's.iiil) l^llj sUiaj]! o.ijlj (>i 4j^j£-o A-ojlaloll CljlS Ijj 

^jL^aj! iiiHa. iUj .UjjSj Ajaal Ajjuiia J ^j^l'nij (Jj 4t_l-25.6 (J^iill jJfo jA LoS 

aIAiucI] Jjiij 44-ojiiloJl JjAa. jjc aLS (jSJa ^.ic I jlijj .3-3.6 ^^-^-'l ^jll 

.(1-9.6 4JjU-oJ1) (_^jLo31 JlSuVt (> ajIU. SjalaLo jjc a-o jJiio aJjUi-o 

(-uoiajj . t^J^I ^1^1 (^ jliioll) Ijjlijj pLiasll e^l j a1c.\s1\ (J jSlI j-.'-'" 

. W (>ajVl 4_5Jc Ljjlijj r''"-°" J jjjl j 46-2.6 aJjU-oII JLo«la.U aJISII S jS 



613 



Ii3 (iaia y oUjVI el jl ^jLiull ^ (_5jaJl siA .(3-9.6 aJjiUJI) ^IjII jj jjj 



-(120kg)| 9.81^J + F^ =(120kg)| ^ ""^^ 
F, = 8240 N 



J jj (_>*iia. j] J J ^-i- rfioajj (j! (jS-oJ La I JJjS cSJfi '^-^^ ^ cs^j Ji^ " J^' *^ 

Jjla J 4^1.:a! J ^^ ^jLoJ ('^T'<^^^M AjajJa jll ei^ ^^ ^Liaall 

(_jJc. LkijJa j;^-' ^Jliill e^iLja^ CLlVij jj-ijjJ l-a LJl^- frUias]! J jj j! lilli ■ °l ■ "-j 

(^jSlI Jjc-lio Jjkj SJjLo 6-3.6 iiliajl aIAjucI 4jL1^1 jjoaj 

^^Jll iiU=JV aJjU^I 



(4-9.6) 
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^a/-^o)=pr-pr (6-9.6) 

FAt=Ap'''' (7-9.6) 

impulse-momentum ) ^_^*2ajill ^jJI ^jf»J <5.iL«-4ll eiA .^^1 A^jkiJI 

.(theorem 

Aic ejJjS Ac^>jaiJ 4-0 jialaJI ^yijj Lajj^ 4ji r>\\\\ (_J jsll ( 'ai.-i'l ^gjll Jjiii 

j! ^1 Jill ■ La Ullc. J .1 ^U. ^Nfl ^ J. La jl JC- <jJc- 'L^jlt o jS 

jail cjVU 7-9.6 aJjU^I JL«la,U Ap'^' 



» jill ^.uala 16.6 Jliall 

(_jic. (_^kj e jSJt 4 I ,-11 J ii?^ .(t-26.6 J^l) S jSlI <j-<al4 JLaatioil lSJ^^' A^jaJI 

.(j-ajil ^ti (JUi ,_jJc 0 jfill JLkxi i^gi^j iSj^\ i|S'. Kill 

4-1—26.6 J^J^I J^-1=J .(^.^LtJI jiall t "< I t^'l dlLjUj ^-aaJj 4JJ.li. ^^Uj-^ ji inr. (Jj2 

Liiia. 4-4i.j .^yijj (J ^-^ Mill aIjS t_LLua.l .aJISjII J j«i-<i JLia] (jl^ lilliij tO kN 
Ozkaya N and ^ ■ -) <a!>U=ijl (jj^. 4jj_^/u«JI ^jc-jjoi l-loi^Ij tjaall o^j^ 
.(Nordin M, Fundamentals of Biomechanics, 1999 

IAjjVI Ajjj^jjJall dlL-ial JjaVI ^i^i'lj L^l (_jic. A-ajialall L_i^)*j ij^l 

.aMA\ Jj*iaJ ^.LojaVI 4^La. *i Ijllj tojjLuii s jsll • 

. y sLsjVI 4^ JjL-a^ Jill J (JjlljaJI • 
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<Xy 0 jSlI ^ jLoij ti_J-26.6 Jljill laSjj -(jjj^ J^' u!^ '<^1 J*^' 

• J ^4. }:\\ <Jj£ I _ .1 . ..^ 1 Ujj^' (J-aaioyj . — 700N I^A j ■'^■^1 (jjSj 

W =-700N=mg =m(-9.81^) 
s 

m = 71.4 kg 

A^LuJ) ^ e jSJl i.UiiVi J .(5-9.6 AijU-all) i ^ iill ^jJI 4jAjxa JLaaloiL ^pUsuVI 

jin^l jiijSlI J J] 1 jiij J .^-26. 6 J^l (j^lkjVI .^^^^l 

- r 0.25s - r 0.05s F™™ _ 

\ Fdt= \ Fdt = \ ^ — t dt 
Jo Jo 0.05 

= 1 500 N (0.05 s)+500N(0.2 s)=112.5 N s 

jjJI j^Ja^ » jail fJSJ 

112.5 N-s = (71.4kg) vf^ 

vr =1.587^- 
s 

■ IjLo 1.58 jaall jJ^ AjjIjlLVI (j^aiJill A^jjoi (_^jLiii Jij 
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ejill Aj-oIa (J ftt H i .i u :i~26.6 J&iwlt 

Ozkaya N and Nordin M, 
Fundamentals of Biomechanics, 1999. 



3 200 



r 








0.1 0.2 


iJ.j 0.4 0.5 
(s) 


0.6 0.7 0.8 



= 0.05 s . 
^0,2s 

■■ 0.25 s — 



^->j n I .Vi J .[3] ejjOJ-o ^a.^l_)i3l Ia^j oAaiall u'l 1.3 ■^-^ 
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Qji tAja.jLi. ^ 0 j^'u.i^^lt jjc- ^ih'ill IjS^ AjliLolj ^LoJI (j-iijll ^LilAil 

jiuiui liJ .Uj JJC. ojLa (3^-^ Li^i (j-a-L^aJJ (jl jj^xJ o jjij-aJl jjaill (ji Jlijjl (jj^ 

AjuLiill aIloVI -l^t J .^uxiikil ^jL&il Jlilj!!! j! La^j -^'^1 »1a '_■■'■<' 

.(34.6 AjLuLall) ^Lall Cjaj jllaJl jjl jja. jA Ljajf jJa. Jllo j .(j^jVl 

: J] 2-3.6 j^^jll JiU=^l 

ZpVZ/i,=f^ (8-9.6) 

: 6-3.6 j^jll JiU^l Ai^l JjLiij 

dt - H Y.Pi dt = II ^dt (9-9.6) 

f LfliJ) ^JjLua £^ jLuu 17.6 Jlialt 

\in ^ J jL^I <i3j^ J..UIJ tjiji 5 J^j .(ji^ 1000 Ij" jjijllj ^ j jL<all 

lilja^l js j-^^jj '5 kg/s Jj*.Aj Jj-'^ .ijSjll U.jLL c^LoVl 

Jjc.li« Jaa! ?JUi^VI aI^j aA^ j ^ jjLJI La .500 m/s (^jIj.^ ac.^>*au 

Jjj iA^ Jikl oJjaLall A \\<,\\ ai* (jl JI I jlijj . J j5_jll tJ^axJ Cj.^ A-a jJalall 

Jj I Jajj -A^ jU. (_5j2 (j/i 0 JJala A^Jaia ^ AJcU J^S (JjS .ij^J 

J\ jLaJ Jll Ja^l (»a.jll iiliajl Ai.ll*-al 4jLI£j1I AijjL^I ^iVu.i^ iAjLLaj eia jA Jas-all 
jtix^ lil (iaia .la.! J ^ja. AuU 1<M jJilall Jl 5-^ (jiiJ .9-9.6 AjjL)«-all Jj K'nn 

: 9-9.6 2JjI*JI 
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-^,a/-^o)=pr-pr 



kg 



500 i 



(5s-0s) = mf' v7''' -(1000kg) 0/ 



■12500 



r kg-m f 



1000 kg- 



-12.8/ 



(5 s) v7 



jjall CjIjI^ 4iac ,Ji«-aj iduiaJl jjj jjc (j^>a iti ls^' '(Robcrt Goddard) 



0.1 jSj ^jiaJ (^ill ^ jjL^I (jV tAj^jU. sjLa ^1 A^U. V ilj^jt 'IJlu Lai lls j 

La il .(JJ jjj (jjjl jS dlbliala (jjia^ aJ ^jsI jaII Jaill .Ijj Jjiill ill jj Aj (j^LaJI 

fj ^JiJ .^jLooll ^ ^ jjL^I JS c(A-aj]ilall) jjUj Jjla-all J jS jll 
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QM^jLj JJC 10.6 

.(JjLuill j^jJajoij <C^yji jjS-oJ Ail (jVI Ac^jjj ^ ^ ■ j^gjll liiJajjal 

^JqJI -^1 ^ya 4(11.6 ^Jai^ll) ^j£jjl£Aa]| AiUall ^J^iljix jj-l-' ^jja. Ill 

.(Reynolds number) o^^Jjjjj ^^^'t jj U Jjj-j 

Re=P^ (1-10.6) 
(_5ja 4JLk*il js Ajioj jA J 4Sii.j ^ Reo^ .JjLoJI A^jj] ^ySi |j, j tJjLJI 

liA ^ La! . Jaill Clljl L,!'. ^ AiaalLOAll Aaij jjjll Jjl jjJlj 4j-aUJI (Navicr-Stokcs) jloi 
.1— ijUi^nnll (JSJjII j (jSJjll :Ajj| jlajoiVl Ajc jVI 

^ Ajjjjjjll JjI (laminar velocity profile) AjaaiuaJI <c aIia j .JLJ\ i^^^ 

yl£-<ill ^^kall (J^.kil laa j ja^l jJaS (_jJc. ^^j-oil Ujj Ac. jjoJI A-aja ^y*^ ^Ai* 

jLucI .(1-27.6 iJ^I) (parabola) 
Bird RB, ) isj=^^ -^j^j- j*^ t^j^j^' (Jj^oJI ^^Lijll U .^jjjjjj 

Stewart WE, and Lightfoot EN, Transport Phenomena, 2002. Trusky GA, 
.(Yuan F, and Katz DF, Transport Phenomena in Biological systems, 2004 
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^ AiiA : 1-27.6 Jl*ii) 



(^S^iij ^Llu (.^ij 

liAj J (JjLaJI ACJjol (jC. O^lc JJ*J .Ijii-il ^ (JjUjiII A£.Jij> (jjSj 4 jl.laJLj 

.i-JjjjVl (.^xlali Jajoijll iai. 4(_!jJi)U ^^LjajjiJ) ^iaLJI jSj^ .iJC ^ ^1 liSlj 

Jjia (^Jc. 1 ■ ' I 'lis . HI <\ja cj^jjj <_sic. jjJjjLa-a3l Jj'S .Ul ^ <cjij| ^jc !)LJa 

SajAijI (_5^)^_<ill jl i_j_jjjVl ii.lj ol^lj aLi^^ (JjLoJI td^pjjjj .LjiLu laV^^l (j^^xj 



<t jjJl ajja (turbulent velocity profile) AjjkUa ^ l Ac. j^Jl aIja 

.(t_l— 27.6 (JSjill) UJjjjVl Jjia (_jJc. 1 ^ I ii< I Ac^jjoJU (jajoll (jiaL" jJaJt-o liSjaJJj 'W:!J^ 

(_>^ j2 L^jjjVl ^ lil jajj JjLJI (jV '(plug flow) 4^ Jill cjaUll j U . h J 
liAj tUjUi^fl (jajdll jjocl jiajoi! ^ ^jajuj (JjLuJ Re > 4000 lij . Jj^j 

.AjcLl-all Cjliiikill jXjUi jjaiill ^ 

(transition) jjjc aJU. ^ ^321111 j^al '4000 j 2100 ynj (^ji-ua (Jjj L 

QjiajCiU ^jj'n 1^ \\ ijf\ a\i\\ (jiilA AiAaJi iSJ^ -^J -tj^^^ jj ^j^U^a^ l^jS fa 

.A^j^jll (JliULull ' .'J^' '-~-^lj 
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(Jjlc^^yjJI Aic. .llijlj jlaS JJC (JS-^ Lil^Jjlj jjj AiljS (JjLji (_ja Juab 

jUjJI .Vlit-Aj^ (JjLoJI tjijJ tjj^J t4 «h"ri<ij <jaiLai (_33-ijil JaLttjl <j_5^ (Aj-iaikiall 

.Re aais jiib 4jJjJ 1-10.6 aJjUJI n j Dj p jjjij jlAi 

JJ31J ^ <c.^>jai]l Jjij (jc (Jji^lij (_5jj^>jJall jj.a .e.la3«-iJI o^yij.a]l (JjIjjoiII 

^Jaj ili^AiUi ^\ AjsA:^ aJI cO^^UJI oIa .eJta-a JjSj ^j! <iu JJC. Jjl j^Slj JaLajV 

Bird RB, Stewart f^jll j iiliajl c^^Aiua ^Jic ^ Iaj^u ^\ ojjilo ^JjI jjoi 
WE, and Lightfoot EN, Transport Phenomena, 2002; Truskey GA, Yuan F, 
and Katz DP, Transport Phenomena in Biological Systems, 2004; Foumier 
.(RL, Basic Transport Phenomena in Biomedical Engineering, 1998. 

^Iftjll ^ f Ij^l jajj 18.6 JIU 

.^liijll JjL Jic AjjIj (_KiI>>J • 

. jjajJlj (jjjjill Aiia.111 1^ Ijlil 12 c^jLoiJ si j^l (jSJu (.^a-o • 
1.8 iSj^ cs-°^j^' • 



L Y Imin Y lOOOcm^^ 
V _[ min J[ 60s j[ L ) 



A ;r(0.9cm)^ ' s 
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1.79x10 

cms 

^ajuta. (jc <ajaj La ^ ^i-^ mu I^Aj i^^^aaii^ ^jajjll jl ^^^Jc. (970) (J^-^ J^J -^-^ ''-"i^ 

.4 niin Aiijla J j^^C f.\ll jaj ^1 Jji jj^ 1 it"i-i>j 

^jjjj (:jVJlx«j ^L%j1^I ^Uait 11.6 

Bernoulli ) yj^ 'a1±x^ j .aiJ ja aJjI^aj ^j'sjiKjill <aLUI t_L^ j 111 

^bluUiJI ^Ualt ^Jl>a ^jU^ 1.11.6 

ij>L^Vl J tJjl_jxJl ^Lijjl J a£ jaJU (mechanical energy) ajIuIIi^JI AiLkll 

(^jLii AjJ jaJI 43UaJl ja^Vl ASUJI J{ j>j .1^ ijjjiu^l J-*Jlj Aial£ll l^riaUaj 

.(5 J-^l) A^tjjs^' AiUallj ^(4 (J^l) sJjzJlj 4iUJI 

1 iL JT I in tU-a liLlil lilljj La^ ijllall Jjlui |_ylc . ^ jj t>» AiUaJI (JjJ=>^ (j^J 

ikb 2LjJj^ AllL Jj 2l£A<^\ a1\U\ Jj^ jjjJl 4}!^ (jV 'Ui h^hn! 

J A-a jikiJl (Ja-Jj (j! 4/j"Kj«lt iaUall jLaJ Ajali jj-al jiJl jl jC. Jc j 

jaII Aj^U-a Jl at' I 111 
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^i„-^ou.+^ge„-^co„s=^acc (1-11-6) 

2j£ AaUa (J£jjj ,_jic. l^-Loj S-ojiala]! 2 XrK.^^ I SiUall AisiAll JjLoJI 2Jj£ a£ ja. Jajj 

4iUa i-^H'nj iA UT « Ac^^iju (JjLuJl (jjSj Laljcj .(^SJla (J^j 4iol£ AiUaj 

^ J .4.^Vj-i J J JjLJI iiH£ia.l ^iajoil J=>. (^j 4j£jjl£x<JI AiUall Jj_j^ AisJlall ^Jiill 

J jac-Uia J nr'uL 3-« jliiJI 4Jiu J/ic jA (^j^jlIJI jjc) (shaft work) aJVI lUc^ J 

ji il] ^ (jC. JjaJ >2j<yKj^H SiUall <1jIj«-<i ^ J^UjJI (ji^J 'a J <-<i ^jlalall 

jja. Jijj tjjS3) (-ijx^l aXy.Kj.ll AjLyi J ^J\ .(2 J^l) UJ^I 4^UJI 

<LU^ aJVI iAjKll AiLkll iiliiji aJjU-o .4 J.^^il ^^Jlall ^t^l CjC t-klli-a 

Lo I^Aj 4<aLkll ^ jj] ^ aJVI UC. AiUall l_LuiS uj' J^J J 

m ^ jikiii L> j! aJvi .^1^ uj^i ^1 <^ 

Bird RB, Stewart WE, and Lightfoot EN, Transport J^^Uill iJiy^) 
jUaj ^J-^ Ijuiii s-^ii^ oLijJaLjjj ^Ijilu;! s-iliaiij -(^Phenomena, 2002. 

Alji\jui ^\ (^.IJiJ AjjUt-all ^1 jajjoil 4jLiC jA Ua Ajaja-o liliic. La j t^jUSJI I^A ^LojaI 



625 



m{Ep . -Ep .) + m(Ej^ . -E^ .) + m 



-m Jpjy +X^3,^t-E/ =0 (2-11.6) 
p. J D^lj Ijl^ ^1 AiUJI) Jill i^iUJl ^ Ej. J 

^ jajj 4-0 jJilall 5Jj£31 (Ji.Jj djja. A-4 jJilall J jAa. ^ ^ J J^-^l UaijJa LaA P^. j 

J j^a^a.) j_jC. ^wa^aJI jit V J i<M jkiall JaijJa jA P j iJjLJI ^ p j 

^> ^UJl j^j ^\) aJVI J-^ ja j .(^I 

La! .^jaJtj Cf- j J i lPM-^I -^J^l t^5l£ia.Vl .iialLi ^/ j 

.[L^Mt"^]43Unll Jji*- ^ 2-11.6 Ai^l*^! 

43Uall Ajjl j.« aJjU-o Iji-ajJ ^Ij jUaj 2-11.6 4j.lljixJI JatUi'i 

. .1^1 J ^ J^J .1^1 J • 

^3ajj ^jli lil -^jaJl 4^ (ji-ii J.i«-a LjjLjui J^.JI aJj^I (JSJj J.ia-» jjjSj 

.2-1 1.6 AijiUixJl ^^ m J <JI j-jjj ^ jliiJI jjc 

(_3a.ii^l JajJI j 'S}^j=>JI j -O^l^l aILUI t^ljjjtJ <ijL«-4ll JjV' -^j^I Jlaj 

aJVI u'^' wW*:!J •'^.^ ^U^aJSi J JjUJI ^UJl 
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JLLalioll Aiu^Wj (2-11.6 AijUJl) 4iUall Ajjj- aJjU- (jjj AjLiall 

:LiA U:LtiS ^1 (7-7.4 <JjUJI) SjSLu^I aJUJI ^ ilUJi ^\^\ 

i Pi j Pj 

+Z!2+S^„o„flow=0 (3-11.6) 

J Ja jai* (_3ajla « jsloui 4^ ^jKll AiUall Jaliajl 4jjlj«-<J <iLiaUill 

^iUall 4j jl j-o aJjU.^ j AjKII SjLkll iiliijV aJ!ix^I aJjiIxJI oIa (jJJ AjjlaJI (jjjj J 
jjajia (J^aC. AiLial <L<il^l (jijaliall (Jjljjij jjAjJaJJ La^j* jjl AjSjjl£xall 

VI Ju.^W ^ 2-1 1.6 <!lul%aJl aSLUI y^U- ikb Vj .U(iVn La ^ (jj^laJl aJjU- 

Jii^ii V jJ^U 2u^liJl 3-11.6 2lSUJ( JiU^Jl aJjU- U .iiSl£ia.VI ^U- 

(JnT'uiil .aJLoui (J^ A-aiiLall 3J.llj«-a]| (JLaaSjail 4jjj31 ^jjjjjall (jji <jU (Ia^ (jti^Ljila 

jaJI J 2j</''<J-'l 4-a jJiiall (^Ua i-ll jaij 4^ jjjSj Lajja. AjKJI 43UaJl iiliaji AjjlUi-a 

^ (Ja. (jLaJt j> jl£ ciaSa \£A<^ aSlL Jj^la. 10.4 Jllall <.l I jJij Ajl 

t_j|jaJI gjj] lillj ULii jlj 4<j£jjl£j.xi3l Sal U\l SJjUtAj SJLuuJI 

LiiS '^iaJCLa CIjI jli. (Jjli ^Jaj Jjla^jl) ^- ■ "-^ jjij ^ jUil AiljS JJ«JJ tSjjlLJlj 

Batchelor GK, An Introduction to Fluid Dynamics, 2000; Landau Ji^ iSj-Ji 
(J^ai J^Lull ^ .(LD and Lifshitz EM , Fluid Dynamics, 1987 

:J\ JJLS^ 2-11.6 J»a.j 
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^ — — - 
[pi pj 

+Z^,,^t-Z/'=0 (4-11.6) 



m (E'p ; -Ep j) + m (E^. . -Ej^ .) + 



{E p ■ Ep ■) + {Ej^ ■ E J 

'Pi Pj 

+y^-y^=o (5-11.6) 

m m 

.[L't ']jA 5-11.6 Ai^U^l c[L'Mr^]jA 4-11.6 y^U-ll ^ 

£p=g/i (6-11.6) 

l^Jjii La 4JC. jjll 4jSjaJl aSLUI (_^jLai 44-4kil4 Acjio. AjjA Cjli ^Jijll A^U. j 

Ek=\v' (7-11.6) 

5-1 1.6j 4-1 1.6 (JjjIjIx-aII ^^ jjjU (j^ajjatjlU 

m(g /i,-g/i,) + m(^v/-^v;) + ^(P,-P.) 



+Z^shaft-Z/''=0 (8-11.6) 



= 0 (a-9-11.6) 
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= 0 (b-9-11.6) 

m m 

cUti^ J .(extended Bernoulli equation) Aal. jJI jjjj Aijl*^ ei* t_ij«j 

jjc A-aJaaia Ajc^ AjjA JjLlu <ja (JS^ SjSluia ^Jkj (jc. JJJ«jll 9~1 1.6 J 8~1 1.6 

^jjjj ^Jl*- 2.11.6 

j-a (Jl jiklj jl j_jJaiJI ^^i-^^l <1jIj«_<i Jali^l 4j.llx^ (j^ o_)jaili« l^liLjjl jj^Alj .sjiL-iia 
jjjU-all A-ajial<JI (jSaj ^jl Liajl Ai.ilji-aJl (j;;^' L-lUali t2-11.6 AjjUi-aJl .lau sJjljll 

pB<-;^Sfl jc. A-a^Lj Aa. jjl aSLL ^iLa .1?. jj V t^l) ^ jl jjc- tjai • 

.JalijJaiiU (JjU jjC. ^jSJj • 
.aJT J.ac. .1?.JJ V • 

:^LLaJj a-9-11.6 J 5-11.6utiljl*-ll Jjii^ 
, + , -4 ) + = 0 (10-11.6) 

(8h,-ghj) + ^U;f-U^^y^(P,-P.) = 0 (11-11.6) 

^ J t3,akiia AcjjuJl AjjA jjSj j! l5J^^ (_llklj 1 1-1 1.6 AjjlLx-all jl 

1 A P 

gAh+-Av^ + = 0 (12-11.6) 

2 p 
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Ls^j^ tij^' '((V; -v^^cwl (/t) ^j^lj Ji-illj (jjtj^ ofj ir'j^ 
<1jU^ 12-11.6 J 11-11.6 i-j jaj -((vf -v^^)(^l) jiit j-JI 

: 11-11.6 a1Aju^\ Jj^\ (> L. liAj 'Mj^iVl CjUiliiJ ^ cjU!lii.l ^ (_>^ 

iiUajl a1^\ju> Jjiij iCjjlj cJjjjVl jiaS J ^^Ij tiia-L« AjK3I aJj^I t^SJj jl (^1 1 jlij J 

: 9-3.3 Ailill 
V,. =v^. (14-11.6) 

<a.ijj31 jjSj 13-11.6 iSjUt-all ^ ^-^/''^ eiA (jijjajjj 

P,=P. (15-11.6) 

2; jlll .iH£j=.VI AiaU.. M^-j ^LL ^^1 2ul}jl£x<JI AiUJl JjUI r*AU .^Ul 

lW^ ^l.i*jl J cAi-alUI 4iLk]l ^ jjij i».:c 
<|v,'-iv;)+i(P,-P,)-2^ = 0 (16-11.6) 

-(^.-^;)-Z- = 0 (17-11.6) 

aXy.KjJI Aiiyi SjLjjJ CjUuJa-a UlLiu iLjuJi L^jih\ ^Jc , LjjA J*aJ 

: 17-1 1.6 AijUJI d^^l 
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-{P:-P:) + y^-^-y — = 0 (18-11.6) 

p ^ ' ^ m m 




'HjjkuA ^j>aJ Aj&jf ^ laLIalt 19.6 Jli*^l 

Cjl^piJI (jj^ jl J J I nil JJ t , inn; 4jj-<i.l]l AjC-jVI ^JJ ' (J>.t>j IAJLuw 

jjijUl ajfc ©Ic. j31 IjiaS -'^■■■j iJjA^ J (^J^ "-J^ (.&^ 

.(1-28.6 (J^l) jLoLi ^2 4^ t^iJaiJl jij-ll jiaSj i = D3 jUjUA. 

t3j 1 (jjliaij]| jjjJj c2j 1 (jiliaiill (jjj ^» ■ '—II (3j^ ' _ 'I ■ "-^ 1 (Jnt'liiil ((_1^ 

(_>bl jjsI lililt 44jLi-a ^ ^ jjjj aJjIx^ JUt'u.iV . 1 2Jaij]| ^^^i jjjl J p <lV.iJ 

JjLJI liJ jLj ikV ^jkui j3l 4£.__>uJI tJJjAill liA ^ J<^t'i.iiI .4-aJajio 4£.^>uJI AjjA jjl 

Istij ^jjjJJj (JJjJaS jjl tjS^ ^j,j^| ^ 4jc. jVI (jl I r-i :(Jj(j]_^llJ JJfr (Ij 

jjia jpsj lilj tUjjSi C?J^'-^ '^'^ ^ialo Cjlj 1^1 VI ti_ajjia31 
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-4.3 JiUaJl aJjU- ^jj c^jUJI cjjL^ J J^lJl Jiill 

:m-28.6 J^I ^ 2j 1 Jl jiiilL .3 

m, -m, =0 



v,D,-V2D;=0 
:2 4J=iaj]| <t L_iLuri. (jLoj 4 = 0. lZ)j J ^js" c> J 

^2 = 0 

(O.lD^f 
=100vi 

±jj jiJI ^ lill j jLoy (jl L_Laj (J^JI ^ <.jij^' ti^^' tJ-^ iA ' J 

2 2 UnUI ^ jiaSlI J AcjjaJl (jc 1-10.6 AjjLs«-all (j^aJjajJLjj . ji i .^f ^'^1 

:2 4iaij]l .lie. ^tjjj 4 1 4 li'i'M .lie. jxiall (jJ*jtj 1 n^ii ^ jj 

^ _pv2D2 _p(100vi)(0.1Di)_10pViDi 
KCj — — — 

[I [I [I 

Re,=Re3 = P^ 

l'iu.i'> lil .3 J 1 (jiiiaiill :nc ijS\\ lilli Jlla! ojJic 2 4Jaij]l .lit (jjjjjjj .^.^ ^J jLoiJ 
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.(^i:-28.6 J^l) dm\ 

.flu j3l (JjlclajJ "-^l JJ«J -^i^ • 
U i . u-.N ^ (Jj\i jjc, jAj j3 jjc. laajj (ja^iij • 
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(lvf-lv^) + l(p_.-p ) = o 

i(vf-v,^) + i(P,-P,) = 0 
2 p 

P 9 9 9999 9 

n-^i=^(vi-a00v,f) = -— pvf 

:3 <Lai3l 

n-^i = ^(vf-v/) = 0 

.l^)ijb<a ^jLuij l^AA^ ^ ^jU'i.ll 1^- ■ -^jjA (l^j 

Ajlu^LAit AiUaltj (^jjjJ l^jd J.^tl(.iu ^lluki 3.11.6 

(jajj ^aiaj (Jjlaj ^ SpU^I (^gJjJ'^ Ud^'-^^ ^-"^ CS^J^J^ Jjjjj SJjLta !iaj 

JjU Ljjjji ^ i J jjutf jajjJl 20.6 JliaJI 

^Ujall j> «.U3I Jajjj .(29.6 J^l) cMi S^j^j^ c?-^ J-*^' JlijjVl ^1 :^1ul» 

(^jLuy) ^Vl ^ ^s^l (0.05 m U >a ^^jLoy) S^ISII lit ^1 

^ iaiju^all jl£ lil .1 m (jji^l lS^J^ Ltt? ^lijjVI jjj (^jU^j .(0.03m UjLa 

U.ljc Acjjoill (JstaJ e^Ull .lie. ^>>U1 ^' ■ jl.iLi jA La tl.ia.lj Uj^ UaijJa cij'^ 

?Ajjlj31 IjLi 1.5 c^jUii 
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J\ ^Ull Jij :29.6 Ji^i 



r, = 0.05 m .<i^Ua« jjc. 

.1.5 m/S (^jL^ Ulic AcjjJI JjuaJ (>>iJI e^lcUll lie JaijJall i Jm'.l (!) 
.(_! jjjVl 5-0 jJilall J t29.6 ^4^4 ^ jJilall • UL.;. J\ ((_l) 

: CiUua ja (!) 

.(Re=150000) ^.oi;^ Mj^iVl aj^j^aIaa. • 

■ ALi^a iialio • 

•Pwater =1000^ lAjsLjal CjUL,j(v) 

.^Vl J Ji^Vl 4^ M jfiVl (^liS J J base • 

. kg, m, s, atm. Pa J-«iu.l • 
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> 1 11^ .3 

Alalia J 5Jl (J^ -^J^-J S-i^^ 12-11.6 i^J^Ji ^JjUx JnT'lml ICj^jU-all (t) 

g A/i+-Av' + — = 0 
2 p 



PVbase^^base-p^,op'I^top=0 



, ri.5-1 



top 2 



(0.05 m)' 

= 4.17- 



(0.03 m)' 



.-15.1m'/s' t^jLoy Av 'ac^I jjj (jjill • 
= 1.74x10' Pa 



nase=^top+A/'=latm + 
= 1.17atm 



(1.74X10' Pa)f^^^l 
\l.013xlO'Paj 



^La-nill .4 

(_^jLiij L4.ijc <ijljJl IjLo 1.5 S.IC.I4II ^ JjLiill Ac. Jill jjSj :(_il jaJI (1) 
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c-jlall ajjjj (^ill J^l (jLuVI (j"^^' a?^j -Ajj-JI Sjj^I Ai.^ o'^y' 

.-Jill Ajj^j jJl J-*]| 21.6 Jli»ll 

Cooney DO, ^ •.''°'-) - ■ "-^ Ijjb ^^1 f\^y s-ilall ajjjj jja i^^a^m 

Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 

.{Mass Transport Processes, 1976 

i « j'i->'i . 1 

.30.6 J^l ^/ (l^) 

Jil^ .2 

.4 flhTin jajoi^l fjn^'f-i i_g j:^ i^'"^^ (JjLuill Ac^jjji AjjA • 

^lijjVI ^ t^-ilall ialij (jj <-S^) ^io^ L_iia]l ^ OlrilijjVI ^^Ijjij • 

.(^^ 
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y;,„„,=5.0L/min • 

p„„„,=1.056kg/L . 

AjCjV AjjLlajxJI ^^alLoil lIiL^Luu JLuUuilj S .j,,.^ A\ CAcjjji • 

.13.6 ^/^\^ 




A^ftMiaJ) j^Miajl kj> jiala L-uU. ^ ^^1 Jajy CjUUkjl j Ja yuJa :30.6 J&wll 

: .^li jjL ^iliia AjjjjII jJaiaJI j c^^lc. jjL (JUia 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, 
Heat, and Mass Transport Processes. New York: Marcel Dekker, 1976. 

.(JJjj j 'injljn 95 : J^Vl C)^J^ 

.i^y jll Jjjjll :pv • 
.t_aja.Vl .iijjll :vc • 
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• kg, cm, s, mmHg, L, hp :J-«iu.l • 



sjL^ .3 

iklj (J '/-^j UjV a-9 — 11.6Ajtlij^l ^j^ji aJjI«-<i j».iiluij idV^lx-all (1) 
2 2 ^ m m 

(ivf--v^) + -(P.-P,) + y^ = 0 
'2 ' 2 ^ p^ ■ ^ m 

IjijaiaJl S-ajlala (_gj'ni<< (JaJl ^^UtJ • 



2 " 2 ~ 21 s 2 



-(^pv -^ao) = ^ (6mmHg-95mmHg) 

P 1.056^ 
cm 



1.01329x10^ 



760 mmHg 



■1.12x10^^=:^ = -1.12X10^^ 
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aJVI t5^J 

y^ = _f_457.8^-1.12xl0^^1 = 1.12xl0^^ 
my s s J s 

IV„ =Vp[^1.12xlO'^p^j 

=r5^¥l.056^Yl.l2xlO'^¥lHiEY 1 

^ minji^ L s' 60s j^lOOOOcm'j 

=0.986- =0.00132hp 

s 

•^shaft = 0.166J/S = 0.000223 hp J jikiJl aJVI 

A^^ljll .4 

jllajikiJl aJIj Jaxll ^ j.^^ "Uijj (^jKll (Jxxll (^jLuJ jaJl (1) 

.1.15J/s=0.00154hp^ 4iojaj ^^.o^l 

d]^)a-<i <C.UaJjail (jl c^jj-ia j-oll (J^-oIa (_j1c. iia^V .Vjit^ (jj^ 1 1 ^ i 

3000 jaJ jLuJ La J] t^JjUj 2; ! 5 ^Ji^ ^jUJI I I MIT II 2 . ^1'. 

j! Lolc. 80 Sio jl^>AlulU (J<iJtJ V > .Inltll 4 I ^1° .(_lla31 Acl Winit 

^jJI S jjjll ^ aii^VI Jjflli. 22.6 Jl^l 

Cooney DO, i> ^nin^^) ajj^.i11 Sjj.ill J-l£ lill^VI ^ijalio >.ini->t :51-u«a 
Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 

.( Mass Transport Processes, 1976 

ji t_LaJ t^Jl Ml nil oiA JaJ 8~11.6 4jtli_^l <JjL)«-<i JLaajjoil Jikl iJaJI 

L>* 2 J 1 (ji*^ Ijl-il nr. I jtiij Ii3 (JaSS .1^1 j ^.J^ J .^Ij (J^-^ 'LajJalall 
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jllJI 2 2: j^lj 1 J^^l (^j- I j^j -(31.6 J^l) Sjj^l 

LliLialjjal ^LSII (jS-oj tAjoiij Ujjaj 




Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes. New York: Marcel Dekker, 1976. 



AP/ptiajlall lUJI UJ^ I^J '2j 1 jiiJaajll ^ j jU . ^i l jjj Jja Ja.jJ V • 
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i;w^shaft=Z/= 0.00154 hp 

(jl (—Jail (_jlc (jl ijjjj AjV 

lilli J t4-o jJiloll 4iUa JaC.1 _jj-iall j ^lioll j ^ jljJI j dlLkjJaJI i_ibJaJ t4x.li^l 

4j!51j31 jjVl (J-oaiuii LojS t JjI djli ^Jaill CljUi^^^ll Jat'ihi' . JjLJI JaxjJa sjUjj 

^3aijJ jl JjUjiU j^Al SiLauJI Jjjj (jl j£oJ 4_o _j]aio]| <aLja] (jla lil t^iljla 

^Jaj ^ CllLauJa-oll (J.OC. jl JC. i^gJc (Jill jLiJI ^jiaj JaC.1 jjJall j ^Ejalioll j ^jI^>a]| (JojUj 
Ailli jJl jjl .d^l iliVVI jJJ Lo ^J^' ejUj (Jjljia liUi .^1 jJI 

.iaia 4iji]a ^- ■ •-' dj) jjij All jj ejjla (jjSj lilj 4 jlill tdijaJj JJ^ 4jaiijj3l 

l^f JJC. 4^jlj-o3l£ ^jSlioi) (_J«J .^Uloll (JLostiuit (j^-oJ 4 jliSl (jA (_jil A^LaJI 

4jliil I (>» -^3* (jj<*>""'lj ..i^lj I^J^ InT I J^-^ jUtll Inir i A sjLij ^iK'nin 

JnT'im' J .4-0 jJalall (j.0 2j<yKj. ^iUa ^1 JV 44 ,«<\ii n i_ijL!aj (JjSaJil Liajf djVT .1?. JJ J 
(j! JjLod] (j£oJ 4^illo .^Uall (> ji.] ^ 4jlijllLo]l jjLoll j! jUJI 4ilL Jjj=^ OUjJl 

4iUall s^A Ja«Jj All jj 4Jaa-o jl i n jjl i rin j.o 4jjl ja. 4iUa J 

l£ja-o Jj.iil JJ-^ l(;U->j^ 4ijaJi jLajll l1^-2Jj 4jLkj (_gJl aLj^j] pLoll jJajjii (_jJc. 4jjljaJI 
(_jajij 4iUa jA Jlloll IIa jl^l jl .4jjIjj^ 4iUa ^^l 2 AiLkll Jjaj UaJJj/i 

jl ^ 4ijc.j 4-% I (JLoajjjljj .4jjlj^)^£JI j 4jjl^)aJI jijaliall jjj 1 i n j (_J-a«j ^^jjll (JjLaJI 
. JjLoJI 4iajail jj U JJC 4jSjjl£xoJt 4SLk3l JSj jLoJ 44-o jlaloJl j^ jjljlSi- ji^J^a ^ .1^1 j 

LjJjaj (_S JJ^ JclLo ^j] jl .dlVVI oiA j^ IjdM^ ^1 . .nflll J 4jjjaJI 4 11 T nil CjljLi. j t ll^Ti 
j£j.oll .ijlall ' ' '1 ■•■ ■ '-~ - (J nr"! I n'l j ^ ■ ' ^1 Ljajl ^tiaJ IIa j 4 j a"! m n (J^-^ ^^-^^ 
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^jjjaJI ^Iji^ aLlJI Ajili 23.6 Jlit^l 

methyl tertiary-) Jiijj JAi^ Mj?^' t3^lio (j^aau tiii^ :51*j4a 
^ Ujj^ Vj ^ JiUiJU AiuU 2a'jL AiLia] jAj .(butyl ether MTBE 

4^ CjLjV jll CjUjS^ t> jiiS LjaJ J 2000 j.Ui ^ 1979 ^It (> i*^. 

1^ ^UtJj ^ " (JLutluilj cLjIaII ^LoII ^j-;.-.,„j 1 1 w (<aJUi^| j ^cjJall fjC^ Aij^^ (Jl <it'i I ij 

(_Ja*JI < 4(32.6 (J^jill) 1 (; InJ't nj «.L<JI ^1 j-'i'lnil JJJ jjl (jlajosl 

^ jaJI (jl jiJI L<i.ia 150 tJ-aC- ^ (_5jil AjS j^I oLLall i^jl AjkjJixJI (_5i]l JasJI 

Li jllc. 80 cSj^^ (3^.^ ij^*^ ^ In I nil iVll 6 6^>la2 <_! jjjl _^)JC. (J^jVI ^iajoi dlaJ 

2 a .a \ti 
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: j.'^i.-iflll . jjj AjSj^I sU^I ^jja :32.6 (Jiull 



.^U.J jaJl »LJI ^ j] ^Jiii J^l t-boi^l (!) 

jiiiJI t.^^- 32.6 J^l • uu^ 

Jik:i .2 
: CiLijJa ji (!) 

•(^out =0)ljij-a t/jt^ 4x.UjjI (jl t^lajj^i/l ^><i ^tiajJ • 

.(V;^ =0) ^-laJJ jjjll ^13 Qji sLaJl tSSjaJJ • 

J 1-1 1 111 _>iJI • 

.3-0 jlaloll dLic-lij J - V • 

^j^l JjLJI AiljS jjJI jaj (jalLoll JjLJI Ai\jS (^jL^ij • 
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.(p.„=p„,=1.0kg/L) 

out JJ-ill Ji^J jialall cLjIall ^Lall djja. jjJl ^13 ^Jt\ in Jjl-ill J^JJ^ • 

. hp, L, s, kg J-«^l • 

(_jL^ .3 

^ J UiV 8-11.6 aJjU- ^ aJjUJI :aJjUJ1 (!) 

m(g /^, -g^) + m(|vf-iv;) + ^(P,-P.) + Xw,,^-Z/=0 

j£aj tljix^ t^J^' ti^-^J <,?*^J^' ^IsjjVI (jl liJaljiaV Usj • 

U Uij yvi lUc 

ijlx^ ' ^ ' ■ j t<A j^l sLlaII ^1 j-i-'...! (J^t ^-^ ■ '---^l <diij t^^l t_I-axJI ' _ 'I ■ ^ • 

.4—2.3 iSjla-allj Ajtlaix 4 1 m n ' _ '■■■^ 'j Ljjl jixuji (_5_)^_<JI j/'u 'i t^j^pJI <c_)jai 

•v^m = 0.277 m/s ^ j^JI ^ t^jL-u .illi] 

^\ 4C_l3Lu. ^UjjVI jt . JJjII ^13 (> Lo^ 150 AiLoLs ^ j^Jl *LaJl • 

Ails (^iii cUJi i^ju^ .^i^iij jVi jA jVi jtiax^ (jV i /j;^ = -150ft ci 
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= -(5.05M)((.S,H)e,S0.,(i^)-i(0...fJ) 
= 24380W = 32.7hp 

.4 

A^U^l J --!J •S^shaft=-"^(^^in-l/2Vou.) =^^^^1 a1,\^U 

.LjLv? '^L^ 32.7 A J 

oLfall (3-aC- ^^ic. AjLkia-all "UllJ (J-<"<-i' -^-"is c2^Lxil ^xlAj-ajll o^lal lis j ' (' _ ') 

aJLoiJI oIa .Jn\\ tllLjiLLij iiH£ia.VI Aialiaj JjLJI (JSJj J!la-<i (_jlc. J i^jaJI 

^ 4i«l£3l aSLUI Jill ^Unill <.LJI jLjjJ 4-4_pUl ajSjjI^JI cUJl aSIL cjj^ 

.JjVl ^\^\ 

<aj\1a ^ J t-UjU^l JJC. (JjLuill (JS-^ Laili. t*H£la.VI .iJalLa Lijj 

. uli!iL£jju]l (jx lilli JJC. J * J-o J>Li. (j-a J tdjL^aliillj CjljAAjll 

AjjJiill JLaaloiU ^jj^a JLaaloiU liH^VI Jjslial AjLuJl ^1 jjjSj (j^J 

(JSj^I (JxI jc 1 .Vn i_j _jfjVl lS^.^ cjifJJ (Jxl jc. (_jJI SiLjaj '2jU.„ j]| JjLJI acjjj, j 

CAji\n,^\\j jjaJI sjx J J^lojll J (j^aliill ^jc. ii5l£ja.Vl Alalia JJ^^SJ jja. aAc 

/=:^ (19-11.6) 
Ke 

aUj (.jSLu.- ^jd (2100 < Re < 100000 jjUJI J ^ j 
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Aj^iiJI SJJjIjVI 4^ L-ljl-iihn\i tjaiJI 4JU. t«H£ja.VI J-lc- SjLaia. (jc CLlbUijl ^Jc J J — 

.(Bird RB, Stewart WE, and Lightfoot EN, Transport Phenomena, 2002) 
j/l^VI •/' c/^VI ASUall jSaj / i^Ac i^j u^-j 

lluiVi "iilaltl jjU^I laiill S^J^i <iKi^VI Jjillt 24.6 Jli«ll 

(Prudhoe jaj jjj jcJi. t> ■^i^^' j 'l^Vl Aikul jjLxJI iaiill J^xlou :AJLul4 

cjU.^ <.^^j^\ l^L. (Valdez) j:ilU <^liL« ^ ^^Luill lS=^LJI Jic Bay) 
^jiul (J^\ -lasjll (_i jjjl Jajj J .HiiiV! jlia jjc. Jj^ 800 AiLiui ^UJI JaaiJl JaiJ 

CjUuJa/JI .^J^J^ O^J^' JJf*^' "^j i^lijjVI J Cljli!±ia.VI j- - (_J jjjVl jLaul J 

jjUII iiJi Mj^il ^0^1 ^uJi iniiii jsi 2^15 ^1 .ii^ (!) 
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.2 

.(Jjl_^jaJI oLaj jacljj ^aJiluiaj ^''IjU,,,! • 

Ac jjoi ^ AcLii 24 
.4 <<)-i'i"u A£.^)iLa Ajj^ ( "« I -^"ij J L-ljUi '<in L_lj^Vl ^ • 

. 4.2x10' ft J 800 :m j^^Vl J> • 
4 >a • 

.^jJI ^AjJaSj CjLa.j4lo^ l]:^*^ UJ:A^ 1-3 n'>'»^l Jox-o • 

. 0.5 lb^/(ft • s) iiill A^j jl • 

.51 Ib^/ft^ -i**^' • 

. hp, gal, min, ft, Ib^ icjl^a-jllj jj^ j31 j cjl (cj) 

(_iLui^ .3 

■ UjUi^-in tjaJall jjl Al.lajl 1-10.6 AljU-a ^iVlml (t) 

" . 'J^' (3^-^ ^Ij ■ - 4-1 ^ (J^Uuj Ujl ^1 

.iSl^n^VI Ajalioj .iKl^VI lUI^ jUjV 21-11.6j 20-11.6 oiJ-^UJI ^^^'mn,,, 
. 0.0791 



(Re)" 



m 2^ ^ D-^ 
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I day jUarrelji 7.48gal Ji 86400 s J s 



• 84.5 — 

:(v) = ^ = V = 6-72- 

^ ' A 7i(2ft)' s 



Re = = - = 2742 



I ft-' 




|(4ft) 






1 



: (jJiilLaJI j_jic. (Jjialj l^V i-J jJajJa^l (JS Jail aIa. Aiaaloball 1 g i 

(Re)''* 2742''* 

Ijt^ 21-1 1.6 aJjUixJI 4-<ua31 oik (j^lj^ • 

/: = i(v)^^/=ir6.72^Ti(^^^(0.0109) = 1.03xlo4 
m 2^ / 2^ s j 4 ft 

: Jliill ti^illl Jix^ V J ..ini^i ;<£l£j^VI iiaU^I jUaVj 

lb„Y„..ft'^ .,.„lb 



m=pV =1 II 84.5— | = 4310- 



/ = 1.03x10'' |m 
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1.03x10' 



ft' 



2.5x10' hp 



4310- 



32.2 lb -ft 



1.34x10"^ hp 



0.738 



Ibf ft 



250000 l^VS/ jjWI iiill ^jd ^ aJ^\ dH£j^VI iiaU- ^SjUi : (1) 

(jLoJ 111 J iijj^ jL.^ 18000 ej-^ J A£.Llaluil jJLu j .CLlUuJa^ s.i*J 

500000^5^ J.^ J ioiill dj^ ojajUl 

Jlill jjU 25.6 Jli»JI 

J£^l ^ (jkall (flow constrictor) tjaHll ^^jU. ^ . jiA (JjaLj c/l (^i J lSj^^ J^^^ 
(jjiUa (^jaj (^^1 (JjLJI t_^jLuij j t j^Lo 0.3 jj-o 0.5 tj* v jf^'^' (j fi^l nj .34.6 

(jiljjaU . =1.3 g/mL iaijJaJl (JiiUia (JjLoi AiljS (^jLoi J 4 p^ =1.0 g/mL AlaiuJa 

^_jJc I ' . j AjaaVl ejall ' .'"'^^ 4 0.3 ^j"';* ^ (jjiLiLall JjLoi ^lijjl 

■ i j'i'iiiin 4jLL^ ^33^011 ^3jl:k 



.Ijaiaui (jsAill ©ILV <*j!>UI <iaaVl e jail i.im^l (1) 
■ t^Jiill t3jU34.6 J^l 
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JJ^ .2 

: oLi^ ja (!) 

i 




jj^^lj Clll jjiiall (l1i) 

• kg, m, s, N J-«iail • 

vLu^ .3 

J^utlxiij j^inifl t^a^ijll (^jU. J«J S^j^iSI 4jaaVl o jSlL lial^l ijJij (t) 

AijUta Llaj! l^jix J nil' ml j .e jsll lillj ujLaaJ 3-3.6 (,^=^1 f^j^' iiliajl aJjU-o 
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:iaijJa3l O^Lio i_Ll^ jJ 5jSLJI (JjI 4JjUi-oj 4(JjLlJI 1 iu^ jjl 11-11. 6 jjjJ 

Em,.v,.-^m.v.+X^=^ 

(g/.,-g/.,)+[|vf-iv;j+i(/',-p,)=o 

P,-Pl=-pg(/Z2-/Zl) 

:AjK1| AiS^l iiUajt JLalxiil j^oj 4 A AlaSill .Ijc JjLJJ 2LikiJ| 2ic tjLi^j • 
"^A -"^B =P/Va^A -Pf^B^B =0 

7i(0.25mf -;r(0.15m)'v^ =0 

Va =0.36v5 

J jail iliaal 9—6.6 <jSLJI (JjI _jjai3l SJjLx-a (J/utLai (JaiuJall (JjiULj (_>i»aJ La j • 
'• B J A .lit jjjJaijLiaJl (jjj 

^^-^a=-P.^(^b-^a) 



1300^ 1(9.81^ 1(0.3 m) = -3826^ 
1 A s J m-s 
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igjjj =0.36vj 
- (0.36v„)'=7.65^ 



2.96 — , v^=1.07 — 

s s 

I^^^lj^l (jSJoll Jiji^ I— ll I n't \ ijAJCjxJt] fj/i [^\ (J nt'uii (j^-oJj • 



Pf^A^A =[^1000^j|^1.07— j(;i(0.25 m)'): 



:210^ 



="^a(Vb -v^) = 210^| 2.96— -1.07— 1 = 398 N 

S 1^ 5 S j 

Sja^uJI .4 

4^ jikiaJl l^joij ejUl tjaJu 1 jiij J .aJj^I ja.ii j!l*-4 JiUaJl 

iULaC .(jilJaJI (_jJc. sLu 6 jaJI JUa-a (jC J jij J \" • fjA Vj .^^jikio 

.AjjS JJ AajJaJ (JLaaiaiLj (ajISi sjjjI 90) (jj Jjj 398 U jIjLo e jS JJjIaj (J^^l 
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.AjSLoi jl AjjoiL^ l^l-^ Aj£Lui oj^'lnin ^-ih'll JaliijVI ^jlAuiaJ (jii 

^jll ialiajl Aijl*-a jj^ lU\jJtj ^^\^\ (jj jjj U jjlS ^jijjLiilj .Llaj! ijjjVl J-Lst-o ^Ij i^j^l j 

i if 
lie i—ijjaj (jUj-u ^ I— Ijl-ii ^i«ilt (jSJoJlj ^^->jii .^11 (jaJdll ji-o .^J-^aLi. dlVLaJ cs-^^^' 

1 





4(1 jj + 


E> - 










JJC.J j^iia (jjiLaJ 




















X 










X 


X 








X 







jiul .^iUaJI ^1 jji jjJ La dVjaall UJioiJj tLjaj! 4^ _j]ii<JI J jia. jJC. ^Un-sW /^iLol] JtsjjVI 
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145 IjjJjS sjS i_ajia (^'j^l ^jK'mij .a! jiaj ejj^ Ijji^Vi jSlI JjjJjjII (JJjS MJ-^ 1-6 
(Jjjjlx. Ijlj ?AijjlLiJl s mr^l f^j^l J-^ J* ^ .AcLiill ^ ^ 90 Ac jiuu Ujc. 
^L^jjJa ^ jl-^ jA La cAcLoJl JLlo! 110 AcjjoiJ i—ljjJaJI sj£3l 

JjjL^j (jja. J .AjIc A^ljJ L_lV ^Ijc 0.50 l^jliS SL-aa. I'l^i^'ll 2.6 

iaijJa ^lij jl (jc jAj clcjjji (_j.axJI lAjjJ jjS! (j^ (tijj^' <^Li]l) (Jjjll 3.6 

^gjll 1-iT I 'nil '(3^j j"l A 17 J 13 (jJJ (jjilLall (jjxll Uir . ^ ^ij . (jjxll 

t^J^ i^l 4^jj»Jl Uir.^ OiLiai Ailia^ (JjUjaj . (tOnOmCtry) jJaJI JaiuJa (JaiUs 

jA J . 3ij^)ia]| dlljj (jJaJI Ut I ^ (J^iLiaJ (j^£u..i»ij.o J* (Goldmail) (jLa.il jC. (jjiLiLa J 

e jill jl.^ jA La (jji.a!)lj '"'I j'-j^j- 3.0 1^^)193 (_^jLuiJ AjtJai qal^Hj 

AlialA I II (J r-^-i» ni ^jJC InT I Aj jl jljj^l A t tillj \^'i\\\t'\ t _ J 

Lui.lj^j IjAila '-^Ha. ^1 clufj .(J.a^l ^)j-lall (JLlu! ^! a ^^joull J^Ai ^-6 

. JxiiJl tli! lilLjaj^xi ^jL^j Jkul ^ AiikJI S jail jjjiii CjjjS 

^ Cd J .(35.6 (Jiiill) t^jSill .1 j-axll JiujI (j-a AjIIjII Ajikfill sjasll liLLajAl jSjJ j 
^^jiJala - ■ "-^ ^1 (jjj (jj' l5 •I j-axll (Jjia ^_jic. sJlLa.all AjtL: j-all clL^ljJaaJI (jl 

Mjlnjninll ClLial JiaVI (j- .i.l3iJ ^ JSJ t^Kninll oIa (JaJ j .^Lia-Vl J jA*^l 
.Ajffi Sjxil 130 lMI J^a i\ (jjj (jl£ • 
V) (^1 ^-ni-^ll (jjj (> %55 Aillljll AaiLall 0 jaall (3j3 ^-.ui^ll (jjj (^jLoy • 

.(4lal£j ^.joiaJI (jjj AjUiill Ajjl^\ ojaill JxiaJ 
.ejSslI jSj^ (jjjijl .isij Aj«jaij.all I'lM . u.H L^.iAj ^^1 e jSlI jpjj • 
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jSj^ ^Lal Cii^l ^ 4jJ\j]1 4jjiaSl| sjSslI Jji ^Ijll Wg jjj jpjj • 

Jjiall JLuLLjIj jjjlc.!/j£jai j»!iA C5 M J^j^ CS^ DNA (_5JaJjjjj Jj-aij llu! 5.6 

ij^L La (3aj Aj^^'jSIa 2ilj^ j .(36.6 J^j^I) jSj.<JI 

Pg^i =1.1 + 0.004 J' 
J jjj Uip. g/cm Pg^jS^j) AiL-iJI d Jl 

. 2.56x10"'^ cm^A^ cSJ^!J ' 3.2x10"^^ g DNA _!l jUij .(jL^Ub 

.4ija.JI ^ ojjj 12000 <t 
j£ ^1 t_jiJI ^ jLui ^ ^ jLao ^>]aall oLhVI 4^ DNA —51 ^ jl-i ts^j '^^l 

^ sJi^Jl sAja. j31 e jSll jjjSj (lua-j jt£3t J^l -Mj^iVl AjI^ s^^W ^jLuull j 

t(jiiALai.J A*ib S js kh\jui jja. j .(>!5l^l (_vjALaiJ Ajiib « DNA — W 
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i'lMijl jbuVl .ojoJllI jSjJI jjisll JUt'iuiU DNA :36.6 (jS.»iJI 

^IjSt djljjj 8 U^lj^ i^i^jJ tSJLiuiyi j_5ic. jjij^l liSLk! ^Lu5 cA 6.6 

' " ' ;^ '37.6 (J^jili 1^ tlHf* ^ (J^ J oj^Lj 1-^1 . .1 a") J 4(_uti]l ^ iiljj.ll liljUadjI 
lilj^ij Cjji 1 (jjHill (jjj jsll jl.:Li jA La .(0 = 45°) (i^Vl ^ 45° i4!-^ » 

liLo J ?4jSLui jjSj Lalic ejSlI 

Jijill) (jj jjj 800 (_5j:^ ^J-<y^ ci^-^" P 0 jsl ^. jjoiVl >ila J (^'^ J-^ 7.6 

<Laxll J <Liaxil La^^lfJ (jl ■ (jiilll M J 7" (jJJ jfill jl.^ jA La .(38.6 

Bedford A and Fowler W, :cy) ?P_S <*jall ei* aJujAJ\ 
Engineering Mechanics: Statics and Dynamics, Upper Saddle River, 

.(NJ: Prentice Hall, 2002 

i.ul.^il J . jjl (_jic. 1 tu<,\\ SJJjAill J 4j.ljaiaJI 6 jall jLi^aJI AjJaLij I jlUn 8.6 

UcV (j1 (jijfial .AjJjj (—ic^iLll ^ -lij^''- j/'"^- - LiP^ (.s^ UiJ^ J* C?-^-^' 

jA La J 4_5.i1.iaJI <_ijli,oll ijali s-^jJ ^jSj^ ejJjJ 125 4'S-i^ jLuj IjSi 

S.ia.1 jll (jjj J J cL_ic:ill (jJj i-L.^ J/LsJi Alk (j! (j^jHal .39.6 J^l 

^Jaijj <ajS J' (jjj <3Ljia1I ^jLuiij -(.^^l (jjj %5 (_5jLuij Ajtlji (j^ 

• js-" 38 <clji AJjS jSj<a ^Jj^ sJj AiLui-all jLuijj 56 AilaJI ^^gjc 4jJaja 

• ^ 22 'Lojbua. aJjS SjijaU-o 4Sji-a Jajoij <sijS jjx AjasVl AILukJI (_^jLuij j 

^^i-aia j_jJc; ^jjOjUnll ^jjJl j e jSll Jjla jA LaS iUSLu. L_lc!iSI jll 1 ij 
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5Jj.aa-4ll AjiLaJI aLS jSj^ .1*JJ .AjJIj V Ajffi ojJjl 5.0 jjj A-u lit 




^! liAj .IAi?. ^Jf" AjAo jjSj j1 jjx i^aljjlVI JJ^ ^Uaatll jjSj jj^ 10.6 

ajji7»il ^ (jLoJI jl ^1 jill (3^^ '■J-^jt ^'-i^l l5JJJ-'-^' Cy^ J .<jaujjll jjLiiJl jc.1 
.40.6 44f<Jl ajJa-ill (i^' Lp*-a^ O!^' Oi^'^' AjjtjJaj 

^ 60 (Ja.l£ll JjI£ ajjI j cA<>.j '(^pjjj 150 ejjjaJI J (jUJI jjj lil 

(JjljJjl 5 I^jIjS (^jljjij A^Ajoi J-aaJ ^1 ^L<all s jSlI L-Luia.! .fUc. jj.! ^L^a 

J ^\ jiaU 4(p=L(E4g/aii) ^L. ^ 

135.1 




(^jjj ju.«a. LJcV :39.6 t3^l 
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#= 150N 



CPlK :40.6 JS^I 



(ji I jiia-a t^JUJI sjiA ^ ^^AjJI ^^ Ji^ <Aj^\ 6 jail <,Uii->l .%4 J-iiaJ A£-axJl 

5^ jlila JLaaJj^Lj .(41.6 (J^J^I) p AjSliiS ^JjLj^ (j^^ (JjLu: Ajl jiajoil 12.6 

r Cljljjl.la.yi (^i JJ-^ jaII ^yij] UjIj jj Ut i 'rtW /ja. i^jjl jkxAiVl CljLjl.la.yi 

.6.6 Jjl jll Ajoij JjkjJl ^jj ^1 . 9 J Z J 

(Jiii\.n-ull o^>AiJI (Jtlij dlVI ^ djli IgjLajjjj .IjtJ J .AjIIc. UajijJaj ejlj^ CljL^j.1 

i_i jjiill 4^ djVVl eiA J^b (J^l '-jjjia cjV (Polymerase chain reaction) 

j^jic. jj dllj^ill (jl J C(j£Lui iJjLu: jA s-Li (jl (j.iajaal .^l.^VI Lijil^l (jla j-a 

InT I ^11 j^jSjII jA La . jaJI ^Jajoi djaj ^.^ 2500 J 2000 (j:iJ t>aC- 
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--^^^ ; u jLJ -.41.6 

jL^Vl Jid^J^ ^ ^Vl Ji ^ >Vl cjLjiiJIj A 14.6 

^1 .lit iiuJaJl J (j^Jial .1 JL> 120 l^jia ijJjJ Sjaui (^1 <iLJI 

(iLall .ij^ ^ oj=>jii]l S^ltli Aic (ij^l }n» .^lil jl^^la jA La .liljij \ jkx^ iS 

J\ ^Ul ^ <jV ij^l c> J^^^ ij^l '2^1 jl' 

i^lnU'llt Ajjiij diaJl (>a*JJ ^ .(^Uaj^il lillj Jut AjlLij Jlj^ V '(^Vl 

.8 jAlkll oiA ^ (cohesion theory) 
'(.^ 12800 J] jUtl ^ ^Uai Alvin ^1>J1 ^ikL-i 15.6 

.A*-al jiJl eiA (jLa ^uax^ liU jjLaJ ^1 Ajiilll jjc jl£aVl 
f_ya\ i_g^\j .^UaaJI (_>2a*J jjjj (jLuj^l j'-''^ ■^.{►^ ^-^0 Aja-uijl i—ijjLjaiil 16.6 

(JjLuill jljLa JJjijj .(42.6 (J^jill) (jSLuJl sLaJl J ' '°JJ''-*-^^ s jSlI j^b 
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UaijJa aIjJ (_^i31 pLaJl J ^liSjl j& La iJjLJI jA stall jl£ liU .IjJjSi jt« i_aj-^ 
110 C^jt-uJ InTi^l sl£La-a (jS-aJ ( "«J^j ?Jl£j-uUjllS 105 ^^tf*^ 

t&i^ -^'j^' AjxjJaj i_£tikLj ( Jt ^L^Vl Ojjj 1^ JaijJal j^Al 17.6 

^^1 ^t-ojjy tiajj tixij jjcljill (jl (_KaJlal .43.6 JiJill C) u.!"'.;" ' ^ 

jl.:Li jA La .tuLi (_>*i1j3l ^JaiuJa jlj 4 jSLui ^ajll J (jiajjal j t jljSluiVL: La^ 

Q^jiji^yol) ^jjJjjLaJI jjjiliijJI (jjjiJaia]! ^_jlc ^/'".'^"^^ Ud^J^' U' 9.6 (JLIaII 18.6 
4jjLaJI ©Lall jjjj (_jlc Jjjj siA iM VI . jtijjLAa 16.6 (J^l 

jiC J-aaJ ^1 ^ jail ji u.i'.il ^ ikVL LSjAUall IjlA (j-a ^U'^l (jLaJj .R 

j^t 44jjliallj .flcjll fLall jjj LaLaJ i^jVuH 4jaaVl ^ jiajoill ^^i-a^ 
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iiuui JjL> ja L, .(44.6 J^l) 100 fA^ J ^ <^IA^ i^ji ul> 19.6 

25 CSj'-^ Ut I 'n iSji^ (JclLa ^ (J at'i i nj jU'^n pLa ^_jic. (jl Ut i h 20.6 

^liuj j_jic (jl jiJI 4^ iaijJall J.lLa jA La .(45.6 J^l) ^J^l ^Lu^ Aic psig 

^iajoi (_jic. (j^aiuill ^'^'■■■■j LoAic. J ^jj^l lie. (jjJajljJall jjj (jjsJI jl.:Li jA La 21.6 

l^jjSj \ n I La ^ (Jljj3*ilj CLlliVl Aj^l (jljJ^ JJ^-^ c . lI^n"! j'j)^' S-Liil 22.6 

ojjJ 300 'CiliS (_5jLalJ ti.(_5^)aJI 6JjuiLl.a 4j2 --^^ I ''^ - (..^^ .Lkjilj^j 

S4_^jaJI Acjjoi (_^jLii 4eji3SLi.a ll-i.^Vl JjS .AjIjS SjjjI 400 AjJjS jLjU i_><aaljll 
.4x.LuJI ^ "±u, 20 tJ-aSl jll At jjoi jLluj j tAtLoJl !li-a 25 
AiUall ^ UJ"^ 1 <^(i I 1 jjc. jjLa.lL-<aJJ (_>.taal_^lj t(_5^)aJI (jl (_paj42l (1^ 

-I \L, ^Sfl ^ 1 ..^j'l-. j,„ jl.^ jA La .(Ajjj.all ^tj -I nU, ^I^ ^^^jj^d jl 
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Opsig 




jIaLa »Li :45.6 
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4^ 1500 SjUui a1£ (^jLuij .AcLiill ^^ !5Ll4 12 AjjIiLVI Ijjjj-^ acj^i j 

jA La .0.4 ^hl-i..-iVI J-U" c5ji-ijj 2100 Ijjjj.^ ojl^o. jLaj j 

sUjU A£iLaJl \0 ^ <^ ejJjJ 20 'ti'''< csjLoi Ajjlii Mj-^ JLul-i -^jSj 24.6 

t4j3j£ ojjj 150 (JLijl.i isj-^ -(j^^' ^j-^ 30 Uj.ia ^j'j cJLuiJI ^ jj*^ 
.U-4 Lij_^lliaj (JLub ^■il-ii.-ij 4i_Lai3.a djjU. j SjjjI 100 Lj,^!^ ^Jj^ j 

jl.iLi jA La c^ljii^ iSj^ ij-alx-a (jj LaLoJ La^lAkj-al (j! (jjaljjslj 

^ jij.^ (j/i V.iJ 0.2 iSj^ iijVl J.alj«-a jl£ lijj ?«^Li.<i ^lAkL-aVI AxJ La^jjtjja: 

(jL-ajll (jjjimjVI (jl^ (j] 10.6 Jliall (> tj^ajill jl£ 25.6 

\ LaAlAl-^jlj i-aAlj&^^jai ' "lat''^^ \ t ^"^^-^ ^a. ^^^j^^ojj ^ .Ijb^ 1 \» ^ 

j s.Lall 2La jlia J^baI .4jjj.all ^Ijj JjLa JjiajiLall -I '1 1 

oAJJ-'^ ^jjk^ ^JJ^t (ija:! AlJJ u'jlj^ H ^^-J^ ^.iiax^ 26.6 

SjjjujiJl ^jjb^ajj 4.1ijj3l jl.^ ^ ^^J^ 135 a JJT niti jl.^ r-ijj . ^jji^l'i-s n 

j£aJ <ji O-^J^' .46.6 (^yj-a jA La (jij JjLaJI lillj ^ 150 Ajjliill 

!5ljLa Lal.liii^l jjLa.lJsii^ jiij!^! j i^-acU AjjjLi. (JllUI _jJauiL r'j-^^' <^laj 
(jilljSll (j1 jjiajpalj .0.8 cSj^-"i ^ oLajVI (_i.aU«-aJ (jjJ.la.xJl I n^\-\ l^ni .ijc 

C'l^>.a^l Clllj^)^! AsliiS ^jL.^ .o^)jJulj-a La^lAiaj..^l (_)j3 La^-ij^)JXjJu (^^1.1^ |jlS^)^JJ 

li] .86nm'A^jill ^ 2r^j d.093 g/mL ^Jl <^ 

^Xaa. J-aAl ?j»lAkj-aVI ^ La^ (J£ <C.jjai LaS t ^al .iiu-aV 1 JjS o^Lba 0.05 Cm/s 

Altman PL and Dittmer DS, eds.. Blood Cy^ a.^^^ Laj!lJI Jjclia 

.{and Other Body Fluids, Washington DC, FASEB, 1961, pp. 110-111 
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sLajU ^jLuijj 1 ^ W (_5ja ^ I ^^i Sjtjjiij si lI^Jj Lajj^ 27.6 

(JSJj iaLojl L-lLuiJ jSlI lilij CjUL^I J Cj^iUa^ .^.^ jj^ .^aJI jljJ 

r (_^jljaiJ La^j<a (JS UJJ^ L>* CS>«-i^l slc-jll (J^-^ cjl O^'j^W •» 1^'' "^1 

<J^^') (^jLuij Ajc^ (jl J 4 2r jLuiJ A^J^ .jJaS (jfj tV*2 j v"j jjUjLuii LaAtic^j 
CjVLka AJV^iJ (J^^lll c5 4^ 4jLiJLl (JjLJI » jS (JLka /ja. i(47.6 

.p = 60°j a=30°'J o^Jial 

iO.5 cm JjVl *lc. jll jia3 ^Ay -j^^^ *^ j lHj^ L«-<i J*'^ j lJ^- 28.6 

.lOOcm/s ^.ill Aii^ iO.VScm^^liill jJ=a dOOcm/s ^ua ^.ill a^^jjo, 
cjj d.Og/cm^ AiljS jj! (j^al jiaU .1.0cm (^jL-ua ^ jiJI jiaS U 

:ejyii,in aJU. A-4 jJilall 
. g -Cm/s^ J I jiLa liLI ja. Jaci .(UjJC. J jaII (_5 jallj ^iliillj ■ "-^l 

^ (^^jJI ^.ill slcj ^ 0.75 cm ojiaa (^jLoij US liSjjjj 44ja.lja. ^jLac. pLii1((_i) 
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• 30 cm/s isj^ l^t .1?^ (>o ^j^l jLii Acjiii J .t_i-48.6 J^aSJI 
Ljjiill .lie. 1^11 jjl J '[3^j 800 (_5jLuu (Ji.JI ^[cj 1 >i jl (j^jilal 

JC oUjVI 4^ 4j 6 jall (jlj 'cSjaJI Jai^l 

^ jiJI f\£-J iaijJa -lW- AilSlI Jj*ia J j 4 340 000 g • CIIl/s^ (^jLai 

.(4 jUlU jUllI) 




jLij ^^^ic. ^-.i.i-nII ^ <_sJj j tJ^^J •■'^-i^ cjSJj ^ 4AutjJa i_g jS (JlxjoJlj 29.6 

J 1 jikjj .ajj^I ^U^VI Jjl:iil jLll jjM Jot-i.n^ sli jA iaSLJl 30.6 

.UU 6JJJC jja. f. jx^aW J ■■<•■; 4*Lal3 lillj jjc Ailikx Ajj Ailjlj ' »■ LlIsJI 

Ijj^ ^1 (^jall ( Jiii^l .Lai.j ClUjiJja .Ija^ jj^ UJ^ Cjjlill jLLkx 

l^j^ J LgjcLkLoil ijjjlLo 1 Ujiaa (^jLiij (49.6 J^l) ajjU ajjJjI A-oja. 

jj jjjlll 5-0 jii. J=>.ij .1 jlajjU 1060 W^j^ Jj^ iSj^j '-^'j 500 
.(jaVl A^j.: 78 ls jL-u AjjI jj ^ jiJij ^(jaVl ^^.a A^jji 45 
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.{h= 6.626x10"'^ J -s ^ cJ^ c5jU^) 
A^kJt SjSlI liilaaSL.) UiJI Jo jjjlll 2L,> ^1 Aim SjS3l (cj) 



Hi 




D2 = 0.75 c 



: 1-48.6 Jl>ill 



Di = 0.5 cm 




668 



iAiiaJ 4^ ijjlli^ 150 Aii^ j> «.UI ^jLj .(50.6 J^l) c> J j 

{.LaJl jUj J.0 Llujp (_lC.U3i.4ll (_U^J -^jjljll 100 ©Lall jUj ^JLj J 

•a- Jill ujj 

(_32lj (Ji3«..<i J <c.jjau (jjijjll (^jic. s-Loll ^ jJajiJI (3i^J '5 kg i_>ujjll (^jIahj .(51.6 

5j-aij]Lj 150 i^jLoij (>"Jj1I tjc JJJJ *Lall JS ^j! (jiiljasLj .(jIajVl 

ejall Jjla jA La ^((j^lSajVI ^jlj -^JJjll ^!J0 J^) O^J^' 

.aajUjJI 5JLl>l4J) j (—il jaJI IIa (jjj (jjli ?tijlj (jiljfill 1^ .^■;.'.,„J (_ic.L3i.all 




AikJI jSlI :49.6 Jl(i3l 
Pout •jj^'f t> ^il^l 
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(> t3ii4 :50.6 Jl^ii) 



.,^^1 o- jiJx. 1 A*L2 <^ J«b .(1-52.6 J^l) cin.^ 

Aji.LS'j]l <S^jjji jiijj .U Jjlfo 20 ojlai l5 CL_1~52.6 (J^I ^ialall 
.1.02 cSjIj^ jjll (J2ill (jiljpijj 'Aiia.lll 1 j-u/llm 420 ^jlalall 

sLaj I^jAu (j1 ^uaiaJI (_jic. ejall jljLa jA La isjSluui 5JL^ 4-ajhi<ill jj! (jlaljpslj 

.olijJlj A,\j^ Lc\ shsL^ AjlLy ,^.^1 M^Vl (> '.^i 

sLall ikL t[5] liSjaJj] tijlijll ^.ill jllaJlj cjjja-all (jjla^l J/utLjJ 34.6 

A£jiJl ^lisJ Lalra. j (j^ IjnUj^i 68 ! ^-l^oj S >?i ^ 0.20 t^jLoU 

Ij \c.j^ Jj J jJI Cll jiLall stall 4jL«j2 4%40 J-^^^aJ o jaill lillj (_Hal^ 

6.7 AjAjS (j-a s.Lall I— iiaj (jljJaJl (jialjpalj J Ijfla 1.25 jLuij 
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X 



t> t3ii4 :51.6 JS^I 



.aJj^joiJ dljjy^l Acjjj, j^jiajJa (_gjLuii Ac^>ijiJ (jljjlall ^.laJl 4jUj3l CliiljlLiJI ^jt-i'n'i 35.6 
fXjJa^ ^'jj (jLi '1 4<j]l*JI ^jLjijII CL^'^sua jiali-al (jjjJajx^ (jjjLliall (jU lil 
^ jLoU jUkll O^jaJJ (J t(_>ajiJl jj-a ^JjiJI iji^ -(15.6 Jliall jiiji) 

JjLa jA U ojjJ 200 c5jU^ jLJall aJjS J jiaU .^Vl 9^ ^5^1 

(_jJc. jjaill A:a.l4j jj^ j^l ^ 4£jaJI 4-0 jUa *l j^l 4^ jlla J/i^ La LJli. 36.6 

4-<ijl.a-<i (JL<iAj (j^-aJ V '^9^^ ^^):^^ Cljlc^)jaij ^LixuVi Ja^jixjj (jJ^ 4_jl ^JJC. .^j.ia^Vi 

.9.81 m/s^t^jl-y ^jL-^ ciiaiai 44JiaJ3l <illj ^ .aIa^ cAS. l^j^J slj^-ll 

.4jjIj 4jjI^ ^iij ^( ojjUall l^jjli-o 4jiaJ 

^jLuuJl (jjiULi (jV (>i«J 4jjIj 4jjL^ Acjjoi ^1 lIiLo j iAjjIj 12 jaj .^^i-j^ 
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tlilj (JaJ sLiaaJl ^jLi£j jll .15.6 Jllall pLiaall s.ij|j 37.6 

U4kj s jSJl .^Vl Wi-j (Ig =9.8 m/s^ ) g ^ ^ jLoill 

djl^ks ^ 1^1 ^ DNA -11 ^ jjl Helios j\ > cjli^l jaU ^ 38.6 

4jlaJl ^ jiaj ^ijji:^. Jja. ^!lla Aajla DNA —II CllliLa^pLi -^Jjj^l A^l*-all 

^^laiui |»Jiii->l (^JakJl (J J tl2.1 JllaJI <^ .(» jJ^I jli (> <L^ji AjiijJ 

(^jLoij dlOOmph csjLou Sj^j 8.09x10 " g "CiiiS ^^jLou DNA —lU 

ji^l ^jUAi (>j-4JI J*T^ u' fji^^l '^J (j^j .3.98x10"" kg-m/s 

?j^iJl ^un\\\ ^ jA^\ I4J 0 jail jl.iLi jA Lo . 3.4 |a,S AjjI^I Ajc.^ 

ejLall Iajjj t^jjl^iU ^jLuiill jjc <— iSjpJ t^^ni-sll (J^JJj LllbjaJl j^L^ ^-ij'i A H J.ilij Lajj^ 
<C.^>ij: J (J^IjjsLj .iiH£!la.Vlj jajLj-ajll ^J ^ ^ ji <a.l^Iluuill AjliJIj ^JajoJI (jjj 

(Jjj^jl] jt"! I in j^l dAaII jjlj t^i'i^'iiiiflll 4jKll Ai-jL jji f-ill jj;aiaJLj ^ajLiaJI 

?^>jLiiaJI Ja.1 J ^ulAII A^iaJl a jSll jll jl jLaJI jA La t 4. 1 [XS jL.^ Is^l 
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(jjjjjjjVl CjUliill :i-52.6 Ji^l 

Guyton AC and Hall JE, 
Textbook of medical 
Physiology, Philadelphia: 
Saunders, 2000. 





^jjAj : (-1-52.6 Jiiifl 



^ (ac.jU31 aJI j-^ ~ 'Shj^ (,^) ~ Aiil jllll (Jjs (ja 39.6 



<_s^ jjLaJI t jjjji; nifllt ^IstSl JUajf ia.! Jit'iuMj .JjiJI Clljl^j 

.4_l_)ia CjUjIj Ajjiii. ^ jKll 

(_^jLaiJ sJjJ Ijia 14 (_^jLuij Ac^)ijU 4j^)jJa (JJAaJ ^i-i-'t niil IIa ^jl-i'mj ^Ij 

? 2.5x10" N/m' 
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iljjj^ elSLa^l .^1 s-liii ejlioi ^^jl-i J jSlI A^lajj ^ jSj ilut 40.6 

(J t>aji2l !)Ll» 20 jjoiJ I Jjla. AjIjS SjjjI 2000 UjliS lS jL^ S jUjj ^i-^ 

SS'U^H s jail jA La .AjjIj 0.37 isj^ jij^l A£.^>jJI ^ jL 2 

JauoJI t_j-26.6 (J^jill Cly^ 16.6 JUall ^jjJaj^ s jsll 4j-al<i .i. 41.6 

UU. ^ iaj^ ^ 0.3 ja^) e JJi^ gi '(AjjIj 0.25 

. u'lll ia_JJA <C.^>jj t jLii'.l 0.25 Ja_jJ^I oXa^ 

cjiL j_5i3l (Saturn V) V jjjpLj ^jjL^l ja jVI a tu . ^ ja. ^jjL^ 
CikJi! Uir^ i^^laVI .litj . aJ jaU J J 3x10^ kg AjK 

-dtjit c^j^j 4 13.84x10^ kg/sj.:«-»j ^jSjll J«j^1 ajsI ^1 ^ 

ijic aJjU s js (jjjki liA (.jij .<£.jA AjiuilU 4300 m/s c^jL^ acjjoij 

OJ.^L-' AjSjJI %46 (Ji^ Ij^flll tij r ' ■ ^1 jjj AjSjJI 

ViJjl^ja^l 5,Lj£il 5,L;asll j| jj Aj jaJu ill ^ jLoull JjLa jA U J JjSj ^^Lll 

• 6700 km/hr c^jLii ^\^\ lie ajSjJI ac ji^i J jial 

^ 3 aJ jij ^ijj A I. jj<a JJa.Vl ^iaiall j 20 l^Jjia 4 _u i ^Lall ^JJ^iij Cjjl 43.6 

(_^jLaij Ajjjjij Ac^^uiJ liLoS ^ pLoll ij^^j .l^lijjl ^ V l^j (liLoS eL^lj ^"'^ - 

.lie «.La]l Ac._)jaj (jl (_pajjal .Ajjljll ^ 0.050 

LJJ^J'"^^ ^^^-aajjJ La AijJa^ (Jl .flir'l t ni (jj.^ dlljjL^l (j-o (Jjl^jj-uil aJI jl (_^l^)Ia (j] 44.6 

^W^' (j-^ JjLaJI AjjLa. (^ •Si^jia -1=^^ (j.i}ni>j t_! jjjl aLLouj ja j c(siphon) 
(jjjijl ^jjc. (JjLbull (_3"°^ j LoAic. J -j^j^^ Cy^ ^'■-'■^i Sij^ 
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(jiajVl (jc Ajiiajx 4jjLaJI s^lij 0.75 c^j'-^ ^lijjl ,_jJ^ sLalU <Jjl:^ SLoj 

^jl (jial j^ialj .s-Lall ^ AjjlaJI ^jij] ^ajoi 1 s^>la2 (jjiiui ^aiiiuLjj . J^la 1 jl-ii^j 

t4jjl!illj IjiLa (>>j^' J* ^ (jj '^-y^ yjUt-all: LuJJij (j/i Jjjll j^SJj JOa-o 

^ jjjLliJU Ijjlo (jsjoll Ja*-4 jA y J 

y =-0.306x(?-7)'+15 0</'<12 

V = -3x^^-12+7.35 12<r<26.7 

Siall eiA ^jjkJI ^1 Jjjll ^ jl.lL> jA U (!) 

4^ j^)^ fLlil (J_jJI Ac^jjjJ dlVjlx-a ^jJa (c-l) 
.IjlaJj-o 5.6 

.(Ajllall iaiuJa 

.AcjjoiJ f.\ j^] J JjI ^yJl (>aJ>»^' ^UaC^y c^AljjJl jUl ?.UiaVl JflT'lniJ La Ullc. 46.6 
(j! (jlajfial .(_paJ^>.all JjS (JjLuJl ^lajjU La Aa. ^1 .lijjll (JjLaJl (jS-^ J^a-a 

j"' - j^J ^ 80 C^jLuaJ -^JjJI (jjila^l ■ (jlj tlAJjjj ^)JC AjJaJ^j*]! (JjLuill 
(-JjjjVl JJC JjUJI (JSJu t(Jl£jailjjllS 112 c^jL-uJ lalia-a 1 Kit i ^ cs^^ La 

^ (JjLuill I J I .^J J 'Jj'-i^l Cy ' (_jJc. (JjLluJI (_>>ijS CSJ^' '^j (^) 

10 ^ JSJJ s-ijc- lW^' Ji S-^ C?^' ^lijjVl jA La 4^ 0.2 0 jiaS 

(^jJaj^^U (Ji.^ Uj^fj (JjLuiII {„>'iJ^ !)LaL&. - ■ j^^jj jIalA A, 
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CLlV^ia-a O^'t!^ c5JJ^ (J iijji 'i n (JnT'inn 47.6 
.(jiJadll <aJai« (JjS i—J^jiiVI (JjLai iiAaJ '53.6 




.JaxjJall (JjLul Jjlui ^ L^JJpjS (_>"Llio :53.6 Jiwl) 

^l^jxll Aj^I ijjijjn j . ^1l.-iV1 l_1 jfiVl (JjIjoi AsIjS LoI . AjslliS 

(_5jUjij 4(_^jJaj31 Aic. J .Vj'^lS (JjUjJI 'AjiJAJsjII (Jj^ (JjLuJI (— JjjjV 

.V 2 (Jj'-uJl Ac jjoi jLui J ' t^Ljaj»il ^iaLall 4a.Luui 

(jl U.^jjLi 4 J Aj J (aJIaIII CjjIj) g J h J Pp J v , <c^>jadl 5JjU.« 

.ajKJI ujjsj ujjI- jaj 'nephron ujj*j^' ^s^' ^J^^^j^l 48.6 
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tUjjSj L<ij!>Li]l SiljS A^LS'jll ^ .4.6 J j^l ^ sLk«-<i <±u Jil ^^^.i] j.ic. 
.Ljkiua- ^\ jl£ Lja-iL^ i^jjj JS jjt tjajdll ^jj jla-j 4 1.793 X 10"^ kg/(m-s) 



(jKll (jajill Jj«j JU- 
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Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, :(> cliiiA\ * 
Heat, and Mass Transport Processes, New York, Marcel Dekker, 1976 
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Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, :<> cjUUjJI * 
Heat, and Mass Transport Processes, New York, Marcel Dekker, 1976; Guyton AC 
and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 2000. 



677 



(Puget Sound) ^ jl^ Cit^j iJl ^r^^ 't5^>-^l "-^ 50.6 
.1^ ijAj\\ (J at' Mil ©Liil s-"' '^J '(Seattle) JjU*^ ^ 

■ sLiA ClJ^ 133 sLiaII 4^1%^ ' ' - iS^l ^lauj 
.13.3 Jliall (ji tJ*^ 4jaJlxJI till jlai. LI .U-a jj 

LaA^l jJaa tSjaJljiJI 21 2jU ^11 ^ II ;_a^>x^l sLui oWj^^^ (') 

(jjj (_^jLauJlj ^jjA ?.La3l jt ^jiljiaU .(jijj 88 t^ljll jiaS 'L^l 144 

?<-_i_jjjl (JS ^ (jji.i3_jlij jl.iL<i jA La t(jjj_jjjVI 

l1iC._jj ^cjli (_jjl^l t—b-a^l (j^ (Ifc?^ -^"^ dIaaII 4 11 t n (3^J-o (jl (J^J^' (m) 

JnTlnil Aij£l\ (jSJu J^a-o ^1 Aj^jjuila iill5ia.VI JjalLo L-ll . n't 1 . .ii jLui 

^ = 0.005v'- 
m r 

(>») ejiaS ( a. ,-11 r J 'SJ jjjVl Jjia L J jJjVI JjUJI Acjjoi V ijj t^li^ 

Bird RB, Stewart WE, and Lightfoot EN, Transport Phenomena, 
144 t^jLoj 1.1.^ J Mj^^^ >2 o^' J^W -(New York: John Wiley, 2002. 

• M^Vl ^ >i3l£:i=.VI ^lia /uij) 

200 IgJcUalail 4-% I jLji <— IC. jJ (_gJI 4:aJljtjJI A « jj/i L-UjUVl ia^ jiaJ ((Jj) 

?Aj1c. (jj^ (jl (.-jjjUVI iaiJ (jS-4J J2>jlt ^iajoi jiuLO (jjS ^lijjl j^jJ-osI jA 
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^JU CjLyul jJ - 7 



siA nV....'j .(_gK31 Jjijic. <ll " ■ i^jic. J Aj^jjjiill 2 ,K\I Sji.jLaj ,_j]c. (Cj) AjjIjJI Ja'iin'i j 
JU-a ^ <iLiJl (JaJ 4jji]aAll Aija-all (_jJc (JjJ JjloiJl CLlS^ j .(liaJI Aia CLllI jU 



(iL£l (_j^jLiJI f.1 j^lj ^-»Mi7>ll (jJJ CjI jliil 6 j«''u.i«il aJjIaaII (jjjj^ AjoiJj^l 4.ji^_all 

.DNA —SI i^IjJ_>?- Aic-li^-in J Cj!ijJa*JI j j illUiijjjJl tJjSjj l^io J sliiliJI 

ja.LaJI SjLa^l J ^fej 4(_3J^I ^Lu! .(l.t? J^niSl) j^LaJI mW^' <-5^ 
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.>UJI U^\j dL^^\ :l.i7 



, . ull ^^.^J (J:!-^*^ cjd^^^ cl^)-^ ^J^^^ Cy ■ ' _ ■ "J* .JaJA^I 

j\ l^Vl JJC AjjJ^I jhlall frlj^l (J^AJJ .L_i1LjJI Jai-L^L (JiliUll (_5-<uaij AjLoC 

I^^ajjH ji-L^l 4jC.j! ^jiijj j/''' ^jiS (_j-<ilc.jll l^lt La^J^ J ^1 

jjjS ^iaj-u (^IjlaJl ^ jiill ^->J»jjJ • j>-^t -^J^ J-a^l (jj^ J^' '^Jni^l <J j3l J J^l 

^jcA^I jj^l (jjiijjll c^-ijji '(j^J^'j j?-^' ■> •> II ^^Jlu^l 'jjsjll 

■ '-^^l •^^■^jl J ^ 'Cf ^ jl ■ ^1 p jjxj I t-1 - . u;! ^1 AjjjJIj jAi^^l 
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lie U .(tidal volume) gjj'-^' ts-^ c> 500 mL 

^^jiSl AxouiaJl AjjxOll 1^ J^-jVI U^>^' L>* ^jsiall a Jjir i ^11 jjjl^jJill (Jajjj 

ejjij-all ' ' J U^-^ J -^^^^ gJin'lH IgAaj Qijjjll Sjajoij! jjj^joiSVlj 

J ' (jjja. Ajjjjll Cil jjt Mill ^1 ^j31 jTi^li jTi^l AjCjI ^jiij 

JJC (^JJjll (>o UJ^J^' AluiS! (JiSijJj .(jjjj^l AluiS! jLij jj-s m'sVl <ljU-o 

jj* jj-.- ...<Vl Jilijjj .ClLujk]! lilij J^' '^Wjy u' J'^J ^J-»-^l CiIj/tiiiII 

OiUjJl ^ *iKLs.VI AiSli* l.i7 Jl^l 

2 ^IjJ Kill J Uit I ^1 cSjJjil -^JJ^' <— ilall JJ^Vl Ly^^' ts^j -^J*:! 'Ud^^^ *JJ^ 



' ' I P J 



2a ^ , 

. ^'>j4 i ,nl l ^3aill 3JU. ^ 0.5 csjU-i a (jj M 

«->'"' .1 

.(jii^jll ^ aisJI cS5l£:i^^l Alalia (!) 
.2 J7 cJ^l ^ jl- oil (^) 

Jiki .2 
: CiUja ji (i) 
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^Jxi^. A^Aaj (jS-oJ • 

.JaliuJaiiU (Jjli JJC ^Jl • 

.Sija^l ^ 5 i^J-^ (-Jail • 

• (>-i-u 3.0 cSjJjil -^jj^' 'f-^ 2.5 jll jL!^>»3ill jlas (^jLuiJ • 

.1.056 g/cm' t^jUii • 

.(0.03 g/(cm-s) ) J j±m^ 3.0 A^jjl ^sjUi • 




:2.S7 Ji^l 



.(^jjj31 jU^ill :PA • 
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.^J^J ijjjll :PV • 
.mmHg J ig icm tmin i :J/«la,l • 



m=pV = \ 1.056^ 5 1000 =5280^ 

cm A min A 1 L J min 

vLu^ .3 

JjLJ t4H£ia.VI Aiali* (_iLa^ sUa*JI (^jjjJ ^-^^ JLalail (t) 

(jJJjJ jll JJJjll J jLlJ^I 4^ (>:J1 (ia^u (j1 j>i -(iS-^l ( ^"^J^"^ JaUjJajVI 

:1~10.6 (J-i^jjjJ AijljLO JLaaiuil ^jLaJ '^~J°' ^ 

•A-2.3 AiA^\ 

y =Av = — 
p 



^ V ''min TlOOO^ 



Apv ^z)^ ^(3.0 cmf^ 
4 4 



( 1.056 -^1(707— 1(3.0 cm) 
^ pVpv^Pv ^ l cm^A min; ^ 

cm-s jyl min J 
.1490 (^j^ -i^-ia 't^jJJ^' (jW.>^ (_H-^_A!J ■^•^ l^joiij Aii^>iaJlj 



683 



il (jaJCill (JLa-o (jnt'^ u'-*% Lt!-^-^^ ^jJaljll jj-o 



:0.5 _j a t> (jiajjjtjllj 

D _ D ^ 

m (y^ —Vj) + m\ 



/ = m (v , -V 2 ) + wi ^ ^ 

V P 

•• =f5280^Yfl018^T -f707^T 
1^ min J I V min J y min J 



5280- 



15 mmHg-2mmHg 



1.056 



/ 101325 Pa 
\760mmHg 



ms 



hOOOg V Im Veos 
1^ kg J^lOOcmJtmin, 



/■ = 3.09x10" 



gem 



1kg ^ 




1000 g^ 


j^lOO cm 



/ =0.143 



.4 

Jja. 0.14 tjj-^ JjSliJI liSlj j! .(jJJJjll iiH£la.VI JjalLo ^ lilli 

ojjJ ^ 2uKJI ^l£j^VI JjaU- cjj'i 422. 6j 21.6 jJli-Jl 

(jjSjll ^ lill^VI Jjalio jjSj J\ JjiiJl liJ tAjjljll ^ Jja. 1.15 J 

.^Luall tills j> Jal 
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jjSljJ ^ B^^jjXaa jl^^l ^ dll jUtil ^» ■ (_Lulljillj .<Lll£j ^ ...iriil jl^^l 

La 23° C '(J^j ji^J^J "^Lj tdjljlill <JjjaJ) iajajiiall (_^jLuiij .Ajlj-a31 L^Ujj^ 

. jjjj^l j^^f 0.3 J 'os-^ 159 J ^ui^jjn^ 597 i^^L 
. 37° C -lie. (jjj j jiojliA 47 J ' 23° C -ijc (Jjj j j'^njlj^ 21.1 ^^^1*31 ^.Lall 

^» ■ ^J-^ lS-^J:! 'U:!^J^' lK'-^ tS^j ^' ■ tJJ^ t^-^ ^ LoLoJ j .(3.^7 J's.nll) 

(JJjj j'fljljn 1.0 ojl.iia I ;n jjS 4^^^ 'CSJ^' jj.li •(JJjJ j'njV'" 34 lAjljio 

^Ijj j^Jajoij (j!l*-<ij 4 37° C J 1 StlTl (jLjjlj^ Ly-^^ UAJJ^^' oji^J^I ^» ■ '— ^1 ^Jl 

.ijc. 227 mL/mincsjl-u J^«-aj ^.i^l (> jjjj^l -ij^l "-^^^ mL/min 



Glottis 

Larynx, vocal C(i 
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^ (JjLukJI Qji II s (J^>iail!j . JjitiJl (jA A iVn n cIjLij'uikii (jLujVI ^j-^^J Aj^Xaj (j^^ J 

(JjS^jI j .ijn'lynA 0 jjjAlu j^l (Jliljj^jaJI 4jnir.| ^)JC. jliJI (J-^W^ * JJJi" 

^ n I iij J <llSjp ^ slj^il JiLax 'IjPJ^ 2.3 CSJ^-"J jliil jIjLo 'kjj\ ^yHjji^] 

(j<0 Ijpji 5.8 iAjIsUiIluI (jUljJaLLbjij (_^ilt ^ -Ui-.^f I - ^ H t<jK31 (jljjjJl 4jtjal (_5 jUjij J 

.(4.l7 J^l) ^1 



5UUU 
4000 




Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 
2000. 
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J ajJSII jjMl aJ] :5.i7 

4j! liSli <_iLj^ -(.K^' (> J ^'^^ S-^' '-^^i! J V"^' '>° -5 

(_5jlc. (JjLiaJ 4jjla]l <a.l^)aJI pLiil AjjIj^I (jjjj^l CllLjj^)k. (j.<u-ia till jUJl aJjiIxo jjc 

^Ji .(5.I7 J^l) ojjjjllj Sr^l Ailiij (jc (>ajj*^ (cardiopulmonary bypass) 
.(.J tjajiil ^LUjl ^^ jVl Jj^ niMl (isotonic) ^^^lUll V.^ . ^11 
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jll ajJSII jjMl aJ] :5.i7 Ji^l 



ia^l J ^ lillij 4AJJJ J Ajjla aJ] ^jij^ (> jj (John Gibbson) jji^-^ uj^ 

.(6-17 (J^JoJIJ Ajjliil Cj)iA±eil 4.slii-o ^ij i i-i'l jj_jlaj i_SJ^ tijUoj . (jj^^JjatJI (jj^^ I'^lj'ljnifl-'i 
(.jl) siAioijl jLaJ (^J^J slcj jUJI Cjlfi.Ua (jV CjjIaJjJl ^xjoia. 

sUic. <ja J 4(blood thin film oxygenator) tjja jll <.Llc jji (jj^uoiSVlj 

^iakuj ^aJ t_al£ jJlij ILSj jj s-Llxll J Vj .(jjauoi^Vlj j^jjc- >?. ^Jl (>! t3:i3j 

.^J L^Lk ULiSl Jj LsjI Aj! VI oja^Vl JSi SfUS SjUj JIj ^LiiJl (j^JJl 
tiiV^Uall 2^jt (membrane oxygenator) jjauu^L ^^^Liill jjjJI t^jJI j 

(jjajboSVl j^LjulSI (Jajj ijjjauaiSVlj (jJJ AjjI J^I AjJ^jaJI (J 1 LoS LaLoJj .IjUjiijl 

j! (JjVl ^U^l ILLoi cjJaSl ^ -uV 4 jiiUa jjc. jaj 

(protein CjLiijj^jJl ^iluij tAjj^j '^y^^' t _ ij.nj ^ ^jjilixi (jjiLij Jc 

jjjjjall JJ J cjlc-LaslI j*j£j j (hemolysis) t-\ ^^^j^ J!>UjI j denaturation) 

ajjI j^l Ajjjkil jjauoiSVlj jLiiSI jjjJI J JjLl41I .(fibrin deposition) 
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'*Ji^ ^Uiii inn (\j :4jJIc lIiVI h^ jlill (Jilij (j* ^jl 1^ n ^jj'j'tlj (jx 
AjjlLa (j^ .jliJI ^>jSI jl-li/i 2JjLi/i tjS^ Aj^Jajoi A^Luia Jj^^j . jl jij s-Lic. 

.^^1 jjjjj Jjla! s^j jjS! jj-> I «K\ 



CO, J 



-I 

(I) X 









i 


1' 









(^) 



(^) 

(Cj) ^jja jJI (.J »Lic. oli (t^) ^Ajcliall (I) :4jcLu^I jll aaJJ oUa :6.i7 Ji^l 

Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, 1976. 

Galletti PM and Brecher GA, Heart-Lung Bypass, New York: Grane and stratton, 
1962. 



^ J»i»JJ jj-^ . XH \ j^ja. JaijJa .lie. Ja»j JjlfJI ^J^J^j 
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J jUia/i jA J i(heparin) (jjjUi^l <ulall ^1 ^^><^) t^jJl ^jiaj^l 

iSVI ^^ j>^l Jj^j .AjjLjj^I AiajijVl i-ii jj (_^i31 ^ jjuitj jJl eJllc ^ia-ij AjSja. jAi 

^kuiaJl «,Liac1 ^_Jt\j i^kuiaJl sjlj^ ^J-^ (jialiajl lilli (^■^JjS 'SiJ^J^' AjjJSlI 

lilli LlJU. jiia. jj->ni<Vt ujlall Cl^sLiaC. 4ja.La. (_>aJSj t^^ljjj .(jj->i.i<Vt lSJ^^^' 

dia j]l (j^ 1 T L in A ^ jj La IIa j cClllcljai 6 ^"'^ (J ■ oAxi CiiL-iax]! 

(JjLuLall (j<o IV > 3?^' ialuij .(jiajj^l ^>jaia. jjc aJVI (J*^ (JjS AjjiAilall ^jjLuaJl sjlj^ ^J'^ 

^\ ^ ^UiJI jJli. 2.i7 Jll.31 

Jjio ^JJJ^' ^J.'V'i^l Cj^^VI jJaa-o ^ J-<aluy tSjl j:iJI Ja jjA til sj^V :5^-u».» 

Jjj-all AjI^I ^ ^aJI (Ji.Ai .AjJaikia l^Jc ialiaJlj ^Jl o J j:^ ^J-^ ^^Ic 6.1C.I i.inU 

^ CjI JjJ (.5^^' jjaHll (J.i*AJ ■^_)f^' ' 37 C 1^ jLuU AjjI^)^ 

A:^jJ jjjj (Jjsll jjt (_vial jfialj . 30° C AjjI ^J-^ .^'i i 11 (j^ ejl jaJl Jjxall 

iClU-jJ (jji-ai. jl£ <lo ^jLkll °Jj^ ^J-^J -^Ih^' ijj J^'^^l f'^l 'Jj^ 

(^jUJI jJUll J -~ J^' -f^' t> »Jj=^l ^' jV <^J^I M^l 

^Jlll AjjljaJl AjuJI jjlj 4l.056g/cm'' (^jLoi ^.^1 AiljS jfj tCjljljl Ajo^-aa. jaj jLjj 

. 3.740 j/(g-°C) J^l 
i ^j''^"' . 1 
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jj KU« :7.i7 Ji^l 



Jil^ .2 

JJC. -^Jj ^ • 

AiljS JLaalaiU -^^jJall (JSJjII ■^Jf'^l JJ^ f-^' tJ^Jj J^la-a I^J^-^ IqAjJ^^I (ill) 



.=pV=(..o«-^)(5-t-)(:ooo^]^ 



=5280^ 
min 



. 1 nil 1 11! (J nT'h I'l (j! (j^-oJ oIAj 
AJtL^l Jnn'mn lilj cCj^^ IjjAit jJJ (>jall j -AjKII AiUall JilLiJI 

:10-3.4 4. 

Xm,(£,, +4, +^,)-Xm +4,. 
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:20-5.4 aJjUixJI JL«iaiLi ^ (/Jj^l i-iLiia. luLajj 

AH=c^(r,-ri) 

L. loAj .1 >^ dE^' /dt ^1 ^Li.^ lilj '^l>f<ai 4^ AiUall ^1 Ji L=j1 
: Jj iiSlLlI iiUaJV AAiaUUl aJjUJI 

fjii (_3jaU LijLiui A// =-f^j (jj^ 'm,. =«^j' iA ' j^j 

mCp(Tj-r2)+(2 =0 

4i_}jjLjiVI Jlaj lS^' cr^^' (33-^1 Jix-aj (j^jxjll j aJjUlaII ^jjjjj sjIc-Ijj • 

^jk- ^jVl sj <^ jj2 .sj <JI JV J^i 4^L^ 

: 5 °C J^!J 

(2=-mC^(ri-r,) 



'5280 g~ 




min 





(5 C) — =-98.7 

i 1000 J J min 

A^^l .4 

Ajjiill J:^ tjl .-98.7 kJ/mino}^ ^jVl J-:^*^) (t) 

.98.7 kJ/min ^sjl^ 

t(^Lyi ojljaJI Ailjl sj^ ^.aauoila jjiuoijll JislA <JLa]| ojLiVI : jiajll (i-j) 

llijlii J.i*- .la^jJ V djja. ^Llkill .lljii]! LjjSS JL^ j^l liA J Vj 

^.lll Jjjj LoAic. .^jiJlj (Jk.iJI (JjLu Sjlj^ (_5Jti.j.i (jJJ Clulj (_3ja j! 40jljaJI 

^ T,Af^\ J\ J^IJ Sjlj^ A^j. OU lil .yvi ^1 a- Aj> 

^.lll s J ja. A^jJ J jja. 4 30° C JtJiuflj bajjjS (j^LuS J 37° C Ajliill 



692 



^ 6 J d ■ 30° C ^ 32° C (> o^lffi yvi o- 5: j^s^' 

4 ir-il-N dlxj^jjjj jjJa_^ CllVl^ (j-a LaA JJC. j AjjLuuVI CllLa-liJIj A-aj^l ojl jjj 

<jl lillj (_jJI ' ■ '-"J CjlAlala jUJl JjLiA (jiaJ ' '-^j i^ajLa jaj Li^"J^' j 

20 (jJJ oAa (> (jl (j^ ^ jjLall i—Jall <2^lj^ (jl Jl I jilj J . jUJI yjLui Jji; ..ni Ajj jijll 
(jjjjlc. J -j j ^1 ; ^t^liiinll ^j]l (jx <lllc. CjLljlLax (Jc. <1VI iaSUj (jl L_taJ tCjlcLu oJlC. j AIiSj 

.(aijaJ ^ cjljlj] 5) jJiii- (^ (jj:.n,<;^l (^1 J 100-95) 

(_5jjjjJa ^UJl JjliiJI J .Lliilaj jijXo pH (_5jluix Jc JilLail J£j ((^Jjj jmjIm 40 

(j! <-_iaJj .4jalaJI (j^ Jl LlJJj (jl (j£oJ (jjiUI CjUjJ jjJl ^laSJ j ^»JI LlJU. (J!laj| «. 
.j^liaJl jl^^ AjjLiII (J*i]l eJj (JLua.1 oaJSjl Ujja. aSsI jUil JjUa j aJVI j1 (jj^ 
j^jp ^ oAa.lj oj-o Axit-a S-y^^l (J I lilj i (jlaj^^j^ll 4.<a!iLjil AxsaVI -^-i^ ^ft/l jajSaJj 

<j^UJl 1 g I 4jjii]| t_lj| jaJI AxaAl jja Jc. ^ 4-oXaill dl^lja.! (jl .djLiUjJI ^ 



Baldwin JC, Elefteriades JA, and Kopf GS. "Heart 
Surgery." BL Zaret, M Moset, and LS Cohen, eds. Yale 
University School of Medicine Heart Book. New York: 
Hearst Books, 1992. 
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diU ji I II <i ^ ^1 aJjUu i_u£Ij ((jjoj^lj ^_^lc.^ 1 UL.;. ^ ^c^^ I'l7 

.(^lc.j]l jLaJ 0 —II) 3 iS jl^l si <C^I J=>.l QA 3-0 (jJJJjll 

^ <jiaiJ| <c.jJI L_luti.l J ttl j^l oLaJjl ^yij 4ja.jLi. (_5 jS J j (_>^Jjal 



. jjjj jJI olft jii jjfr lil jLuLill jUui :l.i7 Jj.ia>H 





(cm) 






1 


1.8 




0 


2 


1.2 




1 


4 


0.8 




2 


8 


0.6 




3 


115 


0.32 




6 


8000 


0.08 




12 


500000 


0.05 




18 


300000000 


0.02 
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jjS UJjIj- jjjli .l.ty Jj-l?JI 4j?.jXa]l Cllc-jSjll ijjiAyij <Jni->l 4t«J) 2.1? 

4*lj^l 3^jlLi sUj JaC. (3)j 4 Jjj-ollj (jiij j]l (jl ^ ^jj^ (.^ i-jlijil 

(JLaaiuiU .(jJiijjll ^ «.( j^l (jc. 4^jlLa3t (_gJc. ( _ \\r'\\\ 

<^P1\ J^l j> AilLkJl Ji\ 48.I7 J^l U.V^lt CjLm^ 

)n-i I fnll lie f 1 j^l QA jpJ 0.5 (jl nin 1 iiV 
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 



^-5 
-6 
-7 



jlLi 



y = 3.72x2-6.83x-5.0 

y = -5.0X-5.0 
y = 10.2x2-10.0x-5.0 " ^-Ul"""^^^ 




.(_>»iull ^^ diiljll J.«*il CjUsI ^-.y^W (Jjli. :8.i7 JliiJI 

jiijjll -^J^ (^Ja-kuJI JJ (_PaaU. Jj.: jA La ^^^-^ It .ill Jj J* ^ (f) 4.1? 

jpjjll jj;aaLi. fj^ g^TJjU jIjLo .ij^JJ (^tJ^U JjLJ ^^^'t Umit JJjall (ia) 5-^7 

r 

* .If 
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(Jj.lajj fj-^' lU*5I t-Lui^l Uni jp jj j_>^Li. sJIc ^iaJI (jj^ 

4jTJll-i CllUj' I II A Jj^jJ jiajdiuil] 25 (_5 j_j.iJaiJl jJ |jl ,jiajj3l .8.17 cJ^joJI 

lj.:Li ^tlall jJauoiSVl jl.iL> >.nii->l .Ala\\ ^ 15.4 t^jljoU jj-^ ■■■<V' j>a 

^ jiaj t5ji.lj aJU. ^ ^ajoiaJI (jjSj Li.ljc J .CliIj <Jjjkll ^ jlc. (J£ jj^JJ J o^IjjsVI 
40 jLoLl ^Jij^ JaijJaJ ja^aJ-JI (> jlA?^ 14.4 ^ L5-^Jji' f-^l 

(jiijaiSVI jllillfo 19.4 (_jic. 4_^jla-ia (jjjl_)jaJI ^ Jj^j-all ^.ill Lai . j J^W^ 

^tiaj (jjajolSVl l_Laia.l .(JJjj jJLojIlii 100 C^j'-^ -Pq (^^i^ ^* ' 3?^^^^^ 

3JjUall ^tiJl jj-^ ■■■<V' Jjla (jjlij tAiia.lll Jj^Ij A^ljll ilU. ^ ^.joiaJI aJ 

.jjjiiijJl jS__>.<i ^)iilx<JI t ' (j<a Ijlin'i 1 «ig <i (jj-^ m^Vl jj^JP (jj (l>") 7-17 

i^K^'ijj . H2CO3 0j^j^' o^*^ aij^ C-^' <^ uj^j^' -^^^^ (-^■'^(s-') 

aIajj . tllUjj jSjjII j (ji^JJ-^i^^^ tllljjj! AjAu (jjjj^l 

C02+H20n H^COjD H^ + HCO" 
iJ-l*^ cSjL-yj . 4.3x10"^ M Jtli:a uJi^' 
4^ JjVl JtUill (j^ . 17.575 mmHg/|aM uj^j^' cs^^ cSJ^ 

J_jjjS3| Aj^l ^CO, (^J^' t^j^' in.^1 (jl^ lil -UJ^J^I ^ 

^aII Ajjaj-oa. (J^olt (^jLay ?pH j^^ll (J^olt jIaLo ja U 1 40 mmHg (^ jLjj 

?j»All 2jJa i^Ac (jC Ua Ajjiiii «\\ kjJa (J/ilc 4_aja ' liLal .7.4 ejlc- 
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^ jll k^iM -II f jaJI 

(.LlJIj (jAkiaill jjl ^-taj .Clll^ja^l ^I i Ha (jLuiiVl (jS""^ L^ijAJ ^jlj ^am^ ^lilj 8 -17 

^ AjJjUsj jUJI JISjjV <!jjaJl Ajsjia jll Aj^Uli jj-o j jaj ^' jA lils^ (liS) 9-17 

jj_j]ajl Ajj^jjjiLi. aIxL ^J^^ La IjJjjl t4 «g oil oIa .IjitJ i—liuuj .jjUajVI (^s-^J 

^_)aJI Ut I > Jiii'il J ijjjiijj]! (j* «^>?-^ <J^ »l J^JI 4 n\\ till jUtll (JjS 

lij^J Sj,.,ir.H 0 jj^l (J-ol£l 0 1^ (J^ Jin lit i—uSj^ll J ^^a^aJl J 

.0 ja^ JS jjAjJa ^_>^l jl^ (^ic (jlc. .(1 JJSJj 

iAiall ^ 17.6 <nj^\ <J_^jll : n\\ jaJI «.! (_>ajL^»iJI (>ajj2l 

Jl Jj« 597 oi^jj^ t^>il 1.0 ii^l '23°C sJjsJI 

(jjjj£JI 1j I ii^l cs^^ ^» ■ 't3^j j"' "jb " 159 jjT- ■ ""^^-^ ^ ^j^l ^» ■ 

^jj-^ ni^Vlj 4jjLi<Jlj (JcliaJI ijxojjoj <._ta_i .(3^jj j"^ a 0.3 

1 AJbJl 

jjc. -^jJ c?^) 'WiJ^ ij^b (JSij) ,_jjjmjuLall f.\ j^l (J£ (j! (jijjal 

2 AlaJI 

3 AJbJl 

*l jA JJjh jl.iL<i jA La ?^jliJI ^ jjIa^xJI si jjt CjljJjkll ^ <il j^l ^JJ^JJ 

.Sjaluui yijk 4-0 jiiioll (jl (jiijjal ?^jj]aJl «.! j^l s-y^jj j,^^ Jtlill jjc. jlaJl 
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4 

.Ijjajj I ni 4^jjjj__>ll ^ CjjIj (33-2j t^li a J n"i i n « ojjjjjoi jA (jnVnil (jj tljlnr. 

I jj^j jjjjxalj (jjJaijJa (jiajfial (_^!^ i ll i It 1.1^ UlV-i'm 3 AJIaII (J at'i i nt • JJSjllj nill 

cjlii (^:u jA L. 4(>iill pli! (^) 10.17 

.liijjU.) (Xa3 liL^i j-oj jt; (Ja j^I CliLyjkJI jj^J^' lu.i^l 

(^jJI (jilj^l -III f JaJI 

.14-12.17 JjLouJI ^ ^Ll^aVI (> A^jJ ijc '(^jl-iill J t^^n^^ll 4(jUa-aJl j 

jpjl ^Ijc. 1.0 4 .1 1 II \i) '.^Ija (JSjjS j_jIc. ^uoi^l Ijj^ 

1.0 AjjulUJ ^ ■■ AjjI j^I CjLil^^yaJI ojLall jj^JP jjU-akj (_j jt'i i nj i_a_^ CLiajll jj^ 

(>ljc. 0.010 (> Jal ^y-v csl) (jl'VnniVt ^lul jl£ jj^Jill (> Jal ajJI 

jjjll a1AjjA\ SJLouJI sjjSlall (_Uxii sJlLaJi jl (>ajial (liS) 13.17 

^ ojLall JjS Ji (J^LSj L^x^ C^^l^ (_uSI 4»lj^l t> JlJ ^IjC. 1.0 lSJ^! 
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1^ ejLall JjSjP (_>ialikjl l^jiloiJ Jji] SaJI j_jA La .(? jjjJI ^Lii! ^^n«<ll ^i-^'.U j 

l^Lijluil jjSjjll t> Aiall 1 .0 (> cJal g;u^J t_5ia. AjjI j^I ClLiJjkJl 

jjijl LjjLu LiiaAa jsjoi jl jjj] (JS jc. 0.010 (>i J^l j^*^ l£7 

jpj] (JS jaljC. 1.0 (_5 j'-^ Ji^J^ AAuiLuiaJI < IJm' 6.1L1 Aiilaj 4jj (jIajaJJ (liJ) 14.1? 

Jjj^^ji] A^^pUl Siall ( j.ii^l J i<^\ l^nliS J o.2Lal jjl JjSjj I J.n^l 

3Jj^1 Aijl 5J.2Li-a JflT'lnit .(jjl 2Laja (j^ AlaJI 99 J Alall 50 

14.i7-12.l7 J^LauJI ^ A^^jJI UL±li.lj <^ (j^L (S) 15.17 

siA iaiu (Ja ^(ventilation/ perfusion ratio) ^s^j ajj^I La 16.17 

jUJI Aijlxa jL^aSj] <ljJaJI ^Lilii jJI i_lLl*-iVl (^^J 'AjjJj jjial j/i! jSil (^a) 17-17 

?(j^l j.aVI lillij ^jjj^l <J _^Lij t_L£ (JS 

(jlal^l (_).<ajajuij fj^ ^ "'J' (Jjl jsllj (jiijjll JJJ' ^"'^ (jjjilia-a (jjojlsj (Jjjslj 18.17 

.^jll 

jLaalaiU Ailik-all Ajjjjll ^ja^l (jjjlii i-iiS .(spirometry) (^inil (>iLiia (^>) 19.17 

?Aj l^ic. ' «.'^.<ll (j^-oJ AjjII (_pal j.al ^1 jjl ^ La j (jiiijdll (JiiLlLi 

^ jJI ^1 ^Vl -IV f >ll 

jaJI liA <ila.1 j> AjU-^I AJLa«la.V ^Jjjjll AaM a£U Lkkk- 9-17 J^l J*i4 

.^La jkLall JJC 4jja:l] AajUj^l AjJyjjll AiuuaJI jx^ ASLWI > Jni'^l (L) 20-17 

^LiuJI jjajoiSVlj Jj jJI J ^^iJoiill ^ <JjLiLa3l Cj| jiitjll s-i jSLall ^SUaJI jl oiajial 
^ Ajoifij Kir.;nll jA ^-.i.i-nII u.il Ji.UI ^.Jl iaijJa jl j 4Sija.l5l 62 (_5 jLuij 

ti_aja.Vl -^Jjll ■ "-^l jA jijaiaJI j/i ^jLaJI ^- ■ jl j 'J^Vl jljjjill 

.5-a jJilall (J-l£ ^ ALULa <.^UVl jLul jlj 
jc ^1 UfijJ l-iySj ?(_JSJI <J^ ii. Jj^jJI (^XaVl j1) ^1 jA La (^) 21.17 
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'-'I .(jjjlij 5 (j-a lT^) <c.j^ -^J^' f-^ -^Jfj tD^ilx. (I) 

e^l L-lioia.! J .SjUl sLJl (jaJj (Jjia-a j j *L<JI jjj jaJI Jajll (Jjla-a j 

liA jjll (j! .4jj1<i A^jJ 30-28 (^Ja. jJlj O-ai^ ^.i Aijjjl 4-a_pUI 

.2.17 Jllall ^ Jjj t^ill till j (j-o !>Ul^ L-lLozJI 

VI j) I jnljU 750 *J.. 4D<.US <JVI lUj ^(^) 

(— luUVl SLojj jaJI AjLaaJI ^joi^l ^jl^ 0^w>^^ ^"^ t>° UJ^ '— * 

f'^ J (jjjlai£.JI CitlSV J jjji^j) (crystalliod) lsj^ ^.^^ Jjl^ 

-28 O^J^\ ^ ^ji^ ^_pUI Siall Ji^i ?4JJjljVl <J X«J c^jJl 4j 

30 

^ La .Liaj! <Jjla 30 J 28 (jJJ i— iJSlI (Jji ia^ ^J.^ UJ^ '.'•>,'('—') 

1 M L ^ (j-aj "^lij tj/'i^'li 4^j!iUI ^_>J.a]l — (J^jjiaII CLlUajjij-a 

t^.lllj *.La]| (jjj ^jl^>aJI (JiiJI (Jia-a jA Laj jjjajaull pLa 6jl^>a. 

.A^l jaJI (JjS a 1 «■> «i dulS (_ila31 (JJi JjLlu (JhUS! j1 (jlaj^sl .ojWl ©La (jSJu (_^a-aj 
(jjauoiSVl Jij lilLa (jJJjlc- >aj^l (jj^ *i 'S^A <jJaLLla]l sjljzJI .Ijc. (lil) 23.^7 

^ (JajJl JLaxloil 'AjJJjll AjJall aJVI ^La jlila ?liU .^L^Vl 

jjauaiSVl Jj^Jj Jri«^' jl.:Li jA La .4 iiinjll ' . 'j;' .1 ja. j.all ^.ill till jli. 

(jjiUl <^>JI jj->ni<;Vt jaijJa J j^l t3a.ii ?j^LiiJI cs jUJl Jj^l f.>)UI 

(jC. dLajlx^all 2^lj I^JaaiU) JJXjII lillj J;a^-'^ ^^L!iiJI jUJI JjLba La^Jij L_LiJ 

jUjij (jj^i iii'sVl (J!iLajl <j1j12 (ji (j^jlial .(^jjaJI sLiAi^l Q^Q^jLaj^jl 

.^J j> JSjLL j-nUjn 0.0023 

(j^L-ai. 1^ La .aJVI oIa 21a*lauill AjjLiiJl jlill Cl^i^lLuJ ^UJI ^xiAj-ajll >. 1.^ (^) 24.^7 
j»all jj-^ ■■■<V' (Jij os.U£ jl.^ jA La ^-j". liA ';;j<'^j ^^1 3-aLiJI pi j^l CLlLjjjk 

?aJVI siA ^^ 
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A c^ti^l liA SjjSUl o-l jiJl AiL-ij (^) 25.17 



6jj.i]| 3-a_jJaio ^Jl ^Al j^LoiVl ji^tII jA (1.S-i7 J'^inill) jLujVI S-Js ^jj 
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(JjLjII (^jJ^iljll ^Lu^l JJC (jjj^l (>aUajl -cj^Vl jjiVl Ala Jiiil ^ 

4 jiujll ^ ^jjauoiSVU ^^1 -lljjp -^J -SiJ^J^' ^ jiuJI (jlj (_Paljijl diLi. (j-ojVl 

sjjJl ^ t>J ' J*jV| oIj>5J) (,jry^' (>aLiajVI 4«ijJ diia. >^Vt Ojiajll ^S^j 
3Ij-<all (Jjli djjl jaJI (jx ^jj lAjjlall AijaaJl j! AjLoi (^JJJ jt I^Aj 

jl ijiJI (jijj A-ajlLa J .•Aia ■ _ '''1 7- ^"'^ ^Jall ^Ij^jJoll ' _ I'll ^1 l3^J j"' "A. " 100 

(_Ji]| ial mill (_5 jjia jjc- ■> ■ '— (JS ^-o-uu t:?-^' "L_u^— ^^>ill - 7- ' ; j 

Jjjj tLs«-a (jjiliajll ^ Iftji (^JluiJ ^1 Ajlajll SiaJl jal nillVI Jjjj .Aiui-a 5iiaJ 

iai ui/lVl ^J^J jUJl La^ J ja. ^a^l IsiiAlj Isi-a 1 ■ ^^Ic (jlaLjajVI 

'(stroke volume) ja ^Ij o^ljail ^ ^ js^l ^^>^j .(j^i^il lP^j^ 

.iajS^l JiJ 5 u^^^ J ^-i- ■ j3l ^^jJali ^ J^' J^J 'i^i^ J* (^-^1 

lM\ Aijjj J-xJI 1.^7 Jli*JI 

(j! O^Jial .eia.lj AcUil ^ 4Jjau3lj O^^' tL_JSll Ujla. AjjjJ J-<uJl IJnl->t :5j<uiA 

jl jJaJ t*3l£ja.VI 4Jli-J AiUall ^Uxia J^-aaJ V <jS J cSijaJI ^ 1^1 JjJ 5 Ij 
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Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, t> ^joiiila) 
■ {Heat, and Mass Transport Processes, 1976. 

^xaaJj . 1 

.6Aa.lj A£.Lil iS±L JioLlVl J t>jVl c-llall UjU. AijbJ (J^l IJnl->l (!) 

'^JJjJ (J^aSiuil (jja-uiSVlj JjSa C>»jV| >.l''l->ti C^J?^ :iaiaa^l (i-j) 

J<initi) jjauaiSVlj eJjjJp SjIc^ (jJJJjll J"JJ l-^J J <LajaiaJl Ajjx^lJI 









0 






15 






6 






97 








niniHg 



6 mmHg 



jUiUJI :2.v7 Ji^l 
.i_ils3l 
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.2 

A^i >tn J/iC JjjJ (jjJI jA o^j (-Jail • 

illl^^all J -sfl<'.^S/l (_Ujuij AiUa JjSlio ia. jj V • 
4-4 jkiJI j>4*^ 4jk.l:iJl J 4jSjaJl jiiaLyi tlil^yij • 

.iajiJ) ^ <^ljiJ 5 i^j^-^ AjujVI AjcjVI jjc (jaUll J!ix^ • 

^1 > 1.056 ^^jl^ ■.'^\^\ cM^{lJ) 

Iclll^ jllj jj^^lj tllljjxlall (<Jj) 

• sJill (> (>yVl s^UJI :RS • 
t> ^Vl s^LJI :LS • 

iijjll :VC • 

jll :pa • 

j31 Aijjll :pv • 

.min tmrnHg tL J :J/«lujl • 
iLAJi (5 L/min) ^Jl tjai j!i«-4 J n->"un\ UjiAi :(_>uLuVl (ili) 

^ mL jlminj^ hr A L J hr 
^21.6 J!U\ J=J b-9-11.6 <^j^\ J^jj (1) 

IAJLuJI oIa JiJ 5-3.4 AiLkll JilLijV AjLialidll Ua JnT-lmlni J 
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^Axijj t^jll ^ Aja AjKII AiUall ^yijj V lilj iSjaloba SJLi. t , iV^il • 

Ac^jjoi tllljjij (—UjbjiJ^ 4-4_jJalall jJAjJa Jjijj AjS^j^t AiUall (j! .AjjUi-all 

tU^j^ lilj Jjalia liuajialj .(21.6 (Jlal) jJijI) 

: 43UaJl iiUajl aIAju, Jjiijj 

W =0 

w +W =0 

'•^ flow ^ '"^ nonflow ^ 
(Jill jjiiall (jc ^jlaJjajll I Vl^ a\ tAilj^l j ^^gCjill ^^^1 (jJJ AS^UI (Jl at"! i iiL j 



-(^m-^out) + ^, 



:0 



(jLaj ^jJl t3ajj J ^Jl AiljS J aUa*JI JaijJall jjl jS JLaaljljj 

jjAjVl > . I'll •> It <lijJ ((jSJiall JJC.) >\n\\ (JaC (_lLii^ 1 «ij tjjjiLuiVl 

jUjJill (P^, = 0 mmHg ) j^Vt j^jjII o- 'W^^ 

:(Pp,=15 mmHg)i^^jjll 



-316800^ 
hr 



1.056 ^ 
mL 



(0 mmHg -15 mmHg) 



W.3=4500000^'"^^^fM1325xltfN 
hr 1^760 mmHg -m 



^1 IxlO^mL 



(Ihr) 
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Wj,s=600N m=600 J 

cUJI ji gLa .(P^^ = 97 mmHg ) o^jj^l Jl (^pv = 6 mmHg ) 
.V ja. 3640 (/jLoy S:ta.l J AcLii ^ >^Vl Sr"M <^ Lij^nA 

4^a-uj]| .4 

Jijjj tAcLJl Jj2>. 600 oj^ XaC. (>jV1 S-uLaJI jaJI (i) 

.A^iUI Vj?. 3640 e Jjl. 5)1^ j>jV1 ^UJI 

t_ljUJ| AjijJ La-o IjjiiS jjSi !>LaC jj-o JJ^Vl (.llUil Jiil (jl t-LiJ IfjLLill (<_l) 

t_uUJ| ^ill jjj^l J^i jl^ ^jl .21.6 Jllall J^l CjljJ.laj Ji^asl 

AAuJajll 6.^1 Ml nil a_)^^l ULl^l «.l.llaVl (Jl nT*! i nl ' ^ ^ qa 

2LjkJt Jkb (j! liAj iUlLii IjjIjj^ a^I j qj^ \a^\ aIi^-itII lillloj j 

j_jic U^LaJl (jJa^)2kJj LlJjJ 0->*^^ ^ 1 1 .-ij J .IjJaJa^ 4 K ni ^ AjjlLalU <jlLui 

Aiaja (jj^l J j«J 4i_lUa2ijaiVI oJjC ©Ljjfj .t-lUaSlaiVI Jljj ts-»^ SjAUa ^ jjiaUajVI 

fliil ("ll i^r^ll (JUjijj AjLaC. (_j..<uaijj .l^jJaLjijl Q^a L_llk]l liiLi. j_j^jljaijj aJUjiII 

t^u^UiilLi <iM aLjoA Ll^U. ' '.-"j .dj.iaJl ijy^ LjLULa.VI S.: jtj LlJUJI ljLUi^I Jljj 
AjLj-ajla '(sinoatrial node) <inii\ <in=A\ o.:i«JI ^-jM ^Jiia (^-^^j -(3.^7 

i-i -^Jjll MJ^W t>J^' Ui^^' 
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Silverthom DH, //Mwan Physiology, 2"" ed, Prentice Hall, 2001. 
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^jjoiaii (Bundle of His) jjc ^j^j^ iAfuU]\\ ^i^l sjUI 

t^jijij .(Purkinje) ^jjj ^^j ajI^I 'o-^VIj >auVl <^>JI js 



Jj> jjjijj 1-^7 Jli»ll 

^UuojLj (jjLllI ^J AjjIjsVI AjL^I i-jUlVl I^js V aJU jA ^nK'll Jlk^\ i^luw 

1^ « I iij (^^f^ L^Ji^ ^AiiuiJ li] .<J ( jl I .-iflil (J r-TS niil CjLa 4(jlaiaJ] ^^>*^ 

tjUVl ijxaa. (>l jj iaj (_Ja3l jjc. ^jjS ajjIjj^ JLui (defibrillator) jliaiJI 



.(jliiiJl Jj>a AioLo jjjaj :3.«-i7 Jj'^^ 


.(jliiiJI Jjj.a 4ij£a q: 


^ ■.2.<-i7 JjJaJ) 






(OjIjS) ^1 


(^12) 


0 


0 


0 


0.0 


2857 


0.001 


0.0410 


0.5 


4443 


0.002 


0.0706 


1.0 


4990 


0.003 


0.0917 


1.5 


4779 


0.004 


0.1068 


2.0 


4080 


0.005 


0.1177 


2.5 


3142 


0.006 


0.1254 


3.0 


2147 


0.007 


0.1308 


3.5 


1231 


0.008 


0.1349 


4.0 


475 


0.009 


0.1375 


4.5 


-87 


0.010 


0.1398 


5.0 


-454 


0.011 


0.1413 


5.5 


-647 


0.012 


0.1423 


6.0 


-700 


0.013 


0.1432 


6.5 


-658 


0.014 


0.1436 


7.0 


-550 


0.015 


0.1440 


7.5 


-415 


0.016 


0.1443 


8.0 


-276 


0.017 


0.1445 


8.5 


-151 


0.018 


0.1446 


9.0 


-50 


0.019 


0.1447 


9.5 


24 


0.020 


0.1448 


10.0 
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(jc (j^^j .(j^jll ^ V^kljiH fLSl 4 4*^ n\\ ^joJ jS JJ«J 3-4-l7 (Jj-^^l C?J:!('— ') 

^-j' ^; (JjULull 

v(0 = a(e"'")sin(PO 

4jj3jall Jjla La .AijLiill AS^kAj cllUUJl j>o Jll LuLu 1 jWin .CiULnll ^j-o 

.jSijU j>J tAc^)^ AjI^I 4jauill Ajljjj .4.4-l7 (J^J^I ^'^ '-^1 JJ^' 

q=A(l-e-") 



0.081- 



S 0.04 



'v '^ '^'-^W^ f AjjU-all (JjLkj Lkiii LaA A: J A J t4jaJill ^ (j] '"'J^ 

^Ljll jrij-ill (jl .k =0.666 1/s J A =0.145 CLaA La^ 0:n.a^ J.j=aij 

(jifli^l cJ:J3^ A.^£^ (3^^ ^ ° ' j L^-^^ ^J*^ ' 

? =0.145 (i_e-(o-666Vs)r)c 
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10 ujij^ 0.145 ^ cSLkxJI oliUJI ^ .7-7.5 aJjU^JI 

r^jiia. 2 »;< A\ aj^ ji ^ jLij 111 . j| jlijj^La 30 i_5jLuij Aij^^ll ^jlj-uj t^jl jii 

v,=«=^M^=4830V 
c 30x10"' F 

jIjIo ujLoiaJj .(^-ajialall) - ■ ■■■^ ^1 ^ SjaJl JLi ^^Ic 4jj ja^l AiLkll (-i^ ^jiu 
AjjJaJI <Jjljl-a]l JLaxlu;! Uj^-aJ cjlSiiJI Jjj.* j^J^ (j:?^ Ai-jiall 2iLkll 

j».:c J i^ajkiall j> 4iUa ;j\ ^ jji ^a.iC. LLJaJial lil .15-3.4 ^LUI Jiliaj*^/ 

F _ F sys _ 77 sys 

^r,j ^r,f ^r,o 

£^ , = V = ^ (30x 10"" F) (4830 V)' = 350 J = - 

Ajal£ AiUa ^yiij 350 ^jij dlii ^-...17.11 AiUall jLou iljj 

.(5.lj7 J^I) i^jljU?!! el-^l <iLuJl ^^ SLkxJI <J.2l*JI (JLaloil UjLaj(cj) 

jjSi li3 .a = 11000V, p = 320 1/s, = 200 1/s ^1 ^ 



f -(200 i)i 






']si„((320i),) 



0.003 ^ tilja 4990 Aiiijiil <^ i'A^j^jJ] ujULnil Usjj 

.4^1^ 0.003 ^^ia^l 
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i: 4000 
2000 



0 0.005 o.or 



0.02 0.025 



1 jL-o (^jLuiJ jiJI <l.il!l-o (jliiui (J*=>J LLalatl lA.iic. Ail] jill JjSj AiiaJll 



^?!^ = (nOOO V)[-(200iy"." Jsi„[(320 i),] 



320- COS 320 



(11000 y)e 



(11000 V)| I 200- V"^""'^" Isinl f 320 - \t 



: (11000 V)e"^™^" fj^320 -j cos [^1^320 - 



t = 0.00288 s 

Jib .(AiliaJI ia jijJall V) s.ilc^ Ajoiliall ia jijJall JnT'in'l 44jj^.l3l ejj.l3t Ja jiju^all Ajialio 

80 Aa&ui^I jjjjl^^ ^ ■ jLuiJ (iaLuajVI ^rlJu! ^>uijV| ' . '"'^ 7- 

sLai (jlij (^till ^Loj-^all jjjiajll J^lj i ^ill 4(jIaUajVl «..iJ J •(JJjj J^n^Sn 

jLj.1JVIj (jjiaJ^I (J=^l.i ^» ■ jn'.iMj .jjjjjVl oJjC- 1j.ll 

(t3^^j j""' "J b " 120 C^J^^ I ^1 /'ill iaiuJa^ J^^' cj^^>*^' i ^11 ^j/i (_jlc.| 

JjoijVI ■ (jlaO^jj I -'j^ JaLuiuVI ^-^J -ja.!!) (3^-^ ^ C}^^^^ ^\ n\ <i ^J3 

0 (j-a JJ^VI (jjiajll ^* ■ '-' t-JjjLj '(3Jjj JkLaJj-a 80 ^^>*^' (_paliajVlj 
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^Jill ijiic jUji^l (>»^*jiJ •^>^ aA4^1 f-^' ^r?-^' ,»Lu-all jtjaj '(^j^l 

.AjJall ojjJI JJ^ J 'WtJ^ ^ J^' 

4jc. jVI t ilKVVl J .^uaiaJl Aiualjt ^Xa^ j^jJj JlsjjV dll jLu^ SjJ^l 3-0 _jial4 JS JJ 

oiA i_ya3U (j^L^ 4.'-_l7 Jj-^l ^jAjJaiij -iJJjllj e^JjVlj CjIaij^Ij 

.^jl) (j^Uai :4.4j7 JjJaJI 





(jUj'li.ll) jtSfl 




63 


3.2-2.0 




27 


2.0-1.6 




50-20 


0.6-0.2 




0.1-0.05 


0.001-0.0005 




20-15 


1.0-0.5 




16-11 


2.0 





^iiiLa Jlc. ^* ■ (_^aaj ^jialuij A-atU A^aajji AjL-^aC AIA3 ^)^-^\ .i^JJ 

CjI jjjujill ^jll j_3^i jnirM (Jliol Axjo: jj jI LoLoj jjir 1 .-ill ^J^iu (jl (j^AJ AjjS 

(JjUii-aJI J JjLoJI aJjUs Jj^joul 4jc jVl 4jUaJ A^Lajoi 1^1 CjlSLuoi jLjj 

Jc. l5J^ sJjjVI (jla iiillj |».oj .1.1?. <ii3j oJljjVI (j'j-^ '((3^j 0 j^) 

2 .l-^'i.„Sfl ja IIaj i—sUlVl tlyj j^) d^J^ l>* ^j.'"'"' ji^^ 

Lojj^ 4JII0II Jj^ (_jlc .4jj-o.iJ1 ejj.l3l ^.lll (jljjJ (JjUlialo AjaLi_^l J A u 'A 

.(jSjlall ^ L-iU funV (j'j-^ ■^■^ t<j-iljj3l f.lii! ^J^l ■^'■^jj 

(jjSjll Jsi dir^ Jj Aijjll Jj AjI^I j s.:jjVl j>oj j 
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J/iaJi ^jjall ^iijl AjSjJI eUjL (^Vl jaj J^jVI (jUj^l Jl«J tAjoij t_ilaJI 

(jlj^jJill jjlxajajj i^J^VI 4jlj^>jill (j-0 (jlcji (J.<iiJj .(jjcljill J (JJll^l 

jjjlj__>*3ill (_jJc. J J i^Lajll J jjjjJiJI iJJJi}i\ uLjJ*ill J 

jhiflll ^Jill (jLoiVl jaj liJsJ J^Vl (j^Jiill ^J^J -U^^J^^ "-^^^ 0^*% UJ^' 

Jajj J .CjXjasH J ClI jUJI J OLlii^l Jij tjijaiiJI ^ XolSj JiSVl ^JJ-<JI jA J tji^l .LiJ 

(Jjlnnln^ti J-aajS La_pLJlj 4Jl<ila]l jj-a AjLlall Alall ^ 55 —II Lai . j_jJj£ll lull's! 

jja. jijJJJslI Cjliu jJJj jll J 4(^1 92) f.lcl\ (> La_plJI J -V-^l ^XaVl J 

jjSI Jj La! .Ac^jjla Cj^ijJaa j CjU jjI j CAj J-ajA j Cjl jilA jJjS AiLjal t^Alall 6) 

.jjjVl WiaaJi cjUaJill Ajj^jxia- jjj^l 'aJ cs jLou ^^iJI (equivalcnt) (eq) 
^ t5^ll-ij- 108-100) jjKllj (jiJll ts^l^-ixa 145-135) ^j:!^^! ^.^l o-j 
.(jijllt ^ yllJxa 5-3.5) .(jijlll yllJxa 5.5-4.3) ^.j^xJllllj .(jiJll 

^ n I iij La (JiuiVl jaj .Ji^^ U^J^' tyj^ 46^>jjU.a I _ iVllI (j.a (jljjjVI .i*J lAiLuL* 

(jaJdll CjVi«-«J . J^Vl OijS jj-a jjjl jjill ^Jax^ ^J^J •(6.S-l7 J^^l) J^Vl (JujS LajxC 
^Jn^t 1^1 jjlaj (j^ ^)^VI c>" J Ji^'^^ U^->^' CS^ JajijJa]! j Mjl'l^ll 

«.lc. j31 (j-a ^ j.a (JS (jj-aj!)La3l 4c^>ijJlj Init i ^11 (_Luia.l ijjajLjl] 2-ajlLi kJl ijjiA Ajl j iialijll 

.15.^^7 Jj^l JLa£l^V 
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(juj'ii.ii) JeM 


(<Jj3j >ui!-) i>i*2i 




2.5 


97 


35 A 




97 


B 


0.75 




40 C 


2.1 




D 



t) 

^J,aaJ . 1 

.^LajJilall UU^, 6.^7 Jl^l • LU^ J \ 

Oikn .2 
: tliUiia ja (1) 

J In I nil ^)JC. A-aJajia <c.^^| AjjA • 

{ 
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^Jx^ 4A.iaj jjS-nJ • 

.1.056 g/cm^ iS f-^' ikAj^l cjljLij(t_j) 

(jaJd (.^la-o L-lLuia. tSlktJI A£.jiJlj Ailj£3lj jiaSlI ^ JLaioiLj IfjaLuiVl (i-l) 

m. =Av p = -D'v p = -(2.5 cm)^ f35—¥l. 056^1= 181^ 
4 4 V s A cmV s 

t_jL^ .3 

:2L. _jJiiJI ^ aL^I c-jLo^ 10-3.3 Ali^l iiUa^l AijU- iiJjVjU-ll (1) 

: 1 1-1 1 .6 J j^ji aIjU-o _jj jSLauJI yU. 

(^/^,-^^)+[|vf-iv;j+i(p,-pj=o 

:Sjala^ aJU. 3-a jikLJI (jS/ Jill .la. i_aliJ Aiill Jiliajl V J ialijj • 

- "^tnj =0 

ji^l J i jJ^j .D iC iB iA ^hJt ^ CjVjU- ^ 

^m,. -X'"; ='«A -"^D 



181^ 



-^(2.1 cm)' (v^)[ 1.056-^1=0 
4 \^ cm J 

Vd =44.3 — 
s 

5JjUtx UjHin LijLaJ 45j.4l£]l AiUall ^yij J ja. j ^.Ic liJal Jisl 1 jJij j • 

:B XcjiJ^ (_iLLuaJ '.^Jjjjp S.ilcj J jjjj 
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2 p 2 p 
B 4^ Ac^yJ\ J ^ ( = = 97 mmHg ) sLLxJI iiuJall (>ajj«jj 

:C! ^ l^it I t ■i\n\-, \ \ ^ I 

2 p 2 p 



97 mmHg ^^13^^ 
35cmr ^1 760 mmHg J 



dynes 



1.056 g 

cm^ 



1.056 g 

cm^ 



^ _r i29125 g ^ Idyne f 
' [ cm^s J [ 



760 mmHg 



1.01325x10" dynes 



=96.9 mmHg 



cm • s 





( >uL.) ia^ 


Jl {Aajljil yi jjAuiu.) Aft 




2.5 


97 


35 


A 




97 


35 


B 


0.75 


96.9 


40 


C 


2.1 


96.7 


44.3 


D 
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A^^l .4 

i^jjljll ^ dljl<miui 5 jl-iiaJ Jjjj C B (>a Jlajjl (jja. 4 JUall 

■ . j^U^jjil) ^ jiiill jUj jl ^ 

j^L^ (o-li^l A*jJ J£ t> ^Ij c?') J:i-^ uj^ 70.1 '2002 ^.l^ 

CjWJ -^ij V >4xJI iajo. jla (>=l;j-« 5000 t> JJ^^ cl948 jilt 

ja kJij:^ ^ULI JkL:j c(Framingham Heart Study) 

(JjU V jtlM cpJ (j^U cjjLaj .1971 4^ (Framingham Offspring Study) 

jAj.^! ^\ oJijAjoixi (jjjl^ jjc j»ajj t_al£ jjc. j»Jl laajj LJlc. j - ■ 1^1 

aU.ViVI (_>bljcS/l (>j •(^■^t -^Wyi J«-^'j ^)^j3lj jjc-ljill J 

(jL^jj djj^ ^jVl ^ iiillj jljjJl 

1 1; > >iT 1 t (j^Alj 4L0L0J Aljjiui (j.ial^l t J I Lii I'l-^ u.-il t j . >il il (j-o^)^' Lai 

ialiaJU SjjJai (J.*! jC e.ic. ^>SaJiJl j^ A .all j* 4jS jjc. .j^ljjlt (J^lsJIj ((^^ 
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jja.tj3 <jlaj Liajl ^jjiJl 4jjJaJI Ajoi^j^l j (_Ja]| Jia. jjJa iAija-all e^A iLijj 

liUi (jl^J ^ L-Ja AjlaT. Jjl l^J^^ '1952 ^Ic (_jia .SUaJI (jAuiaJij ill jA\ 

^^£jjl£x<i jlg^ Sl-'j '^-^^ Cj| jLaj^l ^ 1 1 i-il ijALoj .eAi^ djlcLui JlLoJ 

Jjj '(1967) >T t> Jii J-l^ ^ t J j ^J^J '(1965) 

i—ilall (_iia Jaa. Jl jL«j .(1982) LiK ^1 ^jj 

.(—Jill ^_jjJa^ ('^l •>l/l'>l ;j.<l ''l 

(_i jlaa 44jaii%Ji J (-lUI j^ji^il aILsVI (-Jail S^Liui S j^l ^' jjiuj 

. I 11 •>t.n'>l jsJI ^tjkia (3^^ (.5^ Jji r-i^ (j/o (jjjlxJ tj:J^l (j'^^J-'^' 

A-yWr n\\ (_pajj-a]l (j^.aJ jl i^'jjlo ^^ic. jlxj Lallj t-Jall (JaC oA« SJUaV Cjls-lja.! 

'(j^ijJI ^xjui^ jaJ ^Jc .ic-Loi* jl^ ^ Ijjaj '(destination therapy) ^^i-alJI 

jjjiajll .IC-LuLO At'l nill dlljj^jaJill oiA iJA j Si^lajJ '(—Js ^jj J n'.'lj V t^ill 

c?* J '(left ventricular assist device LVAD) j^Vl 

^ aS\ Jit '(l.t_,7 Jll^ll ^1) ^jVl Vj i3ii4 csill sJall *>JI jAj '^Vl 

A^Loi 4ijc. ji jliHj (Ja3«J ^ ■ - (Jl nT'iniljj ^jjoijVI (jjiVl j».ill J^>»J S-'J^^^ 

L-1 J I 111 I Sjj^-^JlII (J I .-iTl J .AxojoiaJI Ajj^jII sjjAII ^1 .IcLuLoIl ^cjJaJ 'IjuijU'lT n 

L«jjj l^Lolx^V liA (> (jjjjj^ Thoratec (Pleasanton, CA) a£ ^1 Cl^! 

(_5j1^j11 (jIjIa i-jjaj .AAxiiaJl A^lx.<Jl ^ jl ' j-all j^jji^ t-ili ^jjj 

LaAl^l 'JJoLlVl jj'^;ll o^LoaI (jljilli-a (jtLa jialo LaA j t((_Jfill JcLoui (_^1) HcartMatC® 
.Lnia 1 n^W <^T'.lll <£jxoVl »l J ojbj tll^jS! J j '<Jjljj^ Ajjljll j ^jlc- AiuJa/i Cllj 

jj' (jji Ij"'. ..^'j ^1 ^^jJa^)xU (J^^ 'i_JiII .IcLuLA (JLutluiU 

Jjiix^ J_JJ-aa (<-<iIj]1 Aji-I jll J:i. Jj-aaJ J jj£-aJ (j:3l JC.1 j l_iclj-a 4jl Jc 
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sljJillj pliiJI Sjli cjjatj a 986 (Texas Heart Institute) o-LoS 

• 1 994 ^li- J 'ULaaluil 

t-JaHj jj (pig valve) jj jj^ jsLa^ j» j'>L Dacron Jj^ 

aSs^I ^ ^i*s->'nj Jjjia J J-« JtJjS ^-.'s'.'i jj 4j jUJl AiuJa^l j i (-Jail 

^ <^ 140 (^jLuj ^^-Jifc! (_>:ajj Jjbi^j d jiiiiii^ 83 t^jl^ (^ili (stroke volume) 
.SljaJI ^ Ijlil 12 (Jj-=>J cjalj CaY^^ jj3jj ^ Ijjli ^U-nj U IIaj cSiJ^l 

^ ^ ni"! I imll «.lsjll J (jS-oJ La IIAj lAjj-aa-o tllLljUaJ SA^j ^ JJir i r-i 

^ .(AiiaJI ^ t^ljjJ 10) Jat (^-^1 120 ) ts-»l^i 

.(»U 505 ajIc. (jSU (j:aj>4 (.joia. ^ 1991 ^^ ij^ jj (^Uj^l c-Jall ^Laui ^ jj 

AjJLstSI Ja jjuJaJl (j-ojlsb J cllljjiJl (JjSj f jlg^l ^-ij <i 1 ^jjni Vl^; <ilt j jaJl jlc! j 

Lo^Lo La liAj 'IjiiS (^jJajJI sLri. (jjm^'i XVE j'j^ ( . <V'iil JlC-Lu-a (jx ^-laJI Jja-ll 
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.<! s jjL, s ^ ^ Jarvik 2000 <LjiJ ^^^^^ ^ j :7.lj7 Ji^) 
jAj .1988 ^ jjL (7.^7 J^l) Jarvic 2000 J > a- >T 

(jJ^jbuSVlj t,^^' I jn'nin Ua^^j L>*J^ ' jW^' 1^ ^i^J^^ liSj't' nil f'j^' ^.ijJaall 

12000 8000 (> l^ji ^j£-aJ (J1iIc.^>xaU Aija^lll ^^ JiJ 5 C$J^! J-^) 

^ ^ ^^^j^^^a^l ^^^Ijjjll ^Loj ^^^-ic- (__^l ^ ■ -'^^ ^j^-^ dmj J . ^^^tjjilll 

(jiaxj Jj^J (JLii^l Ajjj-oj Ajjjj.^ CjljUS] ^jsl^jJI o.li.j jAj-aJ j .Am jajll 

2000 (.Ui ^ jxoVl Sjbl cj^l i^ill OW 1^ -^' -j .cjU jk^VI 

•f J- 200 (_jic Jjjp eA« (^^J^l J J I r-i<ll (_jjJa^ ^LuiJ (j! 4 j_)iaJ^)<al3 i—JS ^ jjj '-AiJ ^1 ' "1 

(Christiaan Barnard) jU jU jUi^jS ..i csj?'^ '1967 ^^Ix. .t_jla]| 

tL_i]i]| <C.ljj ^Lij JJC. .l^^la (jiliiA (jj_>^l OJ^l^)^ o^jjoilixi jlj.^ AjLaxJI JjSj 

^.ic jj] . jLkljVI s-iJa ^jj] <jjLi 4j>.Uj (_>^i><i 4000 jaj j»lc- (J^ 4^ 
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^ al^'nlt CjUV j3l t_lj3a ^^Ic. jjL<aaJ laB (>aJj/i 2200) jJC jiLall J 

^^yLuSli c_jlaJl 1^ j> ^(Denton A. Cooly) ^^jS jjliJ --i ^jj '1969 

J J c((JjLui£1j (jjl^jjA ^) L_iiall jjLLi ajK t> '(Domingo Liotta) IjjJ jijj-ojJ -.^ij 

^ La (jiajj-all cllLaj .^jlLo C_l3a (_gic. Ji AcLui 64 ^^I'li i_llallj (jlaj^>^l 

OS.I jsk.! (ji ^ ^jj 4_^iJI ^<--l'. L_llail (jjj JSj djlj (>a>aJ 

*JJ-^ AjUtiboVI (^g^^y^ ^ '^J^^^ <Tlj; 4JJJ^ (J-^ jliixi ClulS lillj 

.^^^jtnJa <_l]a ^_^Jc. /jji. ^-A)J ''j'^/'^^j" 

CardioWest — j LJU. jLiliVl ^1 j Jarvik-7 aI^V j^i^L-aj cii 

.2ijLJI AjtliL^l c-ijlall (> JxJas! J '((SynCardia Systems, Inc., Tucson, AZ) 
J ^tjau^ .ajIc. L«jj 112 (j^lc (>aj>» Jarvik-7 jj^l jaJI ^ jj '1982 ^Ic 

4j^jUJ1 ^>lajll J fj 'Ajxi:*. 4^la-a Ai*^ ji UiJ^ Lff^J^ JJ J^' 

ejli La IIAj i^^jJaj^ UjS jJ J jll lila ^JaAlJl ^IjUl^ t_ijH£jj 4 jjAII 

t> AbioCorTM ^Jall ^^1:^^] ^lij! Jl <^liiJI 

.(8.^7 J^t) ABIOMED (Danvers, MA) 

jj ^jjll (Jjli t^li^ (> jL^ J J y> AbioCor™ (^Li-all <-M jj 

(_5jLjUj .AjSjj^S/I &I J^I j ojbj <uJal| (Jjjill 4JjUj ^- •■"•^ j ^jjJajj >in 

AjS ^.iiijaijj ^jAjljjll J ^ j^ ^ j'linn jAj '^^^ 1 ^^clii-all L-llill IIa ojj 

(jAiJa jjJI jjl tJiiLLil Aiia^ill ^ ojjj 8000-4000 Atj^LOJ jjAi liJja^ 

AjjLLjII (j^-aJj .l—ll^jTil jiali-o l^li. (J-alij La IjlAj 4 .iLaJI L-Jiii jjJ Aj^jLk CjljjUaJ j 

Ajlklj AjViln^l AjjUaJ (jajjj (J^aJ 4C1jIc.Lui 4 jaj (J^-aJ eXa (J,aaJ jl Aja.jLiJI 

.3J J' Aja.jLiJI AjjUaJl (jjSj Lajj^ AajSj 20 (Jj-aJ (J-aaJ (j! jl^)ALailj 

Ajj J jj^l Ac j,aa-4 Aiajoiljj AjS ^>SaaJl (^S^ t_jaljjj 

.aJ^1:> 
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:a£ cy AbioCor™ 
.ABIOMED (Danvers, MA) 



pljjj ^liiJl sj^l l^^i AbioCor™ _S cij^ ^1 lUJI 1^ '2001 ^.U^ 
P^^_yaiJJi ^ Sjx Jj! (Louisville, KY) Jji^jl uj^' ^jj Si^ j^-^' 

4jjjui <Lo dil j^ii. (j! J J J j ''ilj^flC (jj lS^)^ '2002 

'2003 (>lc Jjla^j .(._u*JI liA j>i j_j,aLkji] (_j£.Li-a]l j . Ji.Jl ^iLa^ j ^"^1 ; 

. jjji.] ^ 6 ^jj ^ AbioCor^M J£ 

^ AbioCor™ ^^LL-^all t^T-^.i^ ^^tij ciul^ 'jjaJI lilli (^la-j 

jlLkj J.r-i'kj t^jj JS 0^ 150000 '<^ La] lis J J^j li jj jl£ 

AikjJa^ J iLuxiij JjiJl 4ijLL-£j CLljl£ J S'^ '^■'aj]] AiLkll (Jaj J ^jJall 

Li'jLaj JiAi Jl jLa AbioCor™ t_ila3lj jjaJI (jiuJI ^j! tiiLoil j^l ^^tij j 

. Ji^l ^jj A^oiiLa llllslja.) JJjiaJ S-ta-l 111 j 't^JJ^l ^Kni J J jLa CjUakJI jjSia .IjniV^ft 
^iaJ LujLuj JJJ^I jW?^^ -•^ ^ J . jljSiuiVlj AjSjJjJI (JC ^^■'■'^I UJ"^ L>* '^■l^><aaJI 
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f.Lij| CjLiixJl JJjijj JjJw^ IjJj ijjijia Jbajj ^1 ijM Ajjj Lo IIAj 

CiljAutajll J tliaJI (j-a j-a 4jkLi L_liill JaC. j-aC. AJUa^ aIjjL jjc. tllaJI 

.(— ilSlI i^gjJa^ (j^ i_aVVI SUa. (j<o jjjbjiajj L_ilill (J^^ jW?- J « ' 1 
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i-iM fjsi f. Jajluu - I f JaJ) 

Lagi!>lijl ^..ajaUj jiLu-allj ^Laj-all (3^xjj i ^■^\ (jliliaJI ^ . \ l-M^ 
^1 n I <-i\\ ^_5jLjUj .(_Jjj__>1I ^jljjj^lj ^>^VI (jljjjaJI jaj ^jLaJI jjaillj ^JJ 

.IJLojIlo 31 -I 'I jiaS (_^jLljiJj JjLojLa 29 (^J^l 

.^Ul ^ AJtUSja jd Jjk (\) 

25 O-:!^! jiajil ^ (^-alicVl , hll ^^jLuj .^^jI^IjII ^U.^il aIs^M S jS jjS! J^(m) 
30 jl-^ ^J:! ^>^^' jj^^' ■ •-'^^ ^j£-aj iAjjJaljj]! jjjLojll sLlil^Cll) 

(jLijoill ^ (jSJj iJM^j J^Vt ^Lxu^l jiaS J jA J^Vl (J^ljajl (til) 

300 (^ja. <Jj <^ 1-iT , ^11 iilj; AalcVI oIa (^Jjjj -j^jVi 

^AjjJajAll 5JUJI o^A <>?-ljil ^Laj-all AJtUll S jsll jl^ jA La . j J'^A'^ 
JiJiC-j liijUa. J .i.:cj liLUia ^ jj (J^uoi jj31 1^<I^'...' ^| Clll jjjkil jJ2 (la) 2.t_l7 
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^LiacVl j^LiiVl Sj!>lala.VI j!ix-al Ajjlall ^jjaull 6.t_j7 Jj-i^l OtJ^ .L^jljjJ 











3.85 




16.0 




33.6 




2.2 




15.7 




10.0 




12.6 





J^l3t-all ^Sa. .L-llSll CjUjix-oll jja jj ^rJ^^^ <Jj-aJI ajj^l (^il) 3.^-1? 

> J '[NL-^] J-^l ui^Vl j^js > J .[L^] .Ujll 

^jjij <^ CO J 4[NL"^r']2c^l <^ ja r J 4[ML"'r^]ii^l 

tjjUJl J- J jA VE J i^^Li^l ^jjUJI j^j jA AR J 4[Lt~']ojjkJill ^^-1^ 

.gjuiill j-o J jA Tj 

jjl jlfjcl jjS-aJj . COA ^ un'lil o jjkjoJI jxuii. ^j-a ^a'N'.il jJ^Hll (_^jLuiJ 

. COA (Cyg — Q^) CSJ^! 2:}^' cs^j » ('-'^ t> OK^^' (i^i 

i_ijUJI ^^ J . 2200 |xM ^\ ijjjjlc.j<aj^l jjS ji L^J^j •(jjjj Ji-jij- 40 i^-^jj^' 

^j^jlc. J <ij(j It 4(_^Jj_jjll 1 ^ 111 ■^ II .AlaJl 96.6 Ajjbjijj ^ J ni (jjjjlc. jAi^l 4^^Li^)jjill 
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.0J4mmHg/|aM oja^jo^ ^jjjlS iiulj c^jLuijj .aUI ^ 66.1 
(_^jLliij gAuiill V ^.Jl (ja^ii (_&s«-o jjl J Lot jc. 327 jIj^ ^cjjoij iJjS J (j^jaal 

.^La^JI ^ IjjjLka 225 




cJAil ^ ^Lj^l AkiSu^l -II f jaJI 

?^jjSjjJ i—iUl! J 44-0 jaJI j^jij '(>^ ^j^J '^J'jK'^' ^Alli^l 

.^AuLlil AjjjiVl ^-ojail Ajajjjuall AjjjJl i_L-a((_i) 
UJ^ Oil ?UjJC -U- t->"^ (^^J4^1 J^l UJ^ IjU(cj) 

.ajJSII Lj^iUJI ^jUj Ji.b jjVI jjSI Ji 7.m7 j-'-'j ((ji) 5.^7 

Ajcjii Jal jj AjkJI cUic. ^loj jlLoll t_J jlla ^y!> AjjIjj^I J j£jj((_j) 
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^ oUjjVI JiSljj :7.v7 JjJaJ) 









(S) ijJiUfl 


(mM) (mM) 




3.0x10"* 


10 145 


Na* 


3.0x10^ 


140 4 




3.0x10^ 


1x10"* 2 












(S) AJaUll 




0 < i < 10 


3.0 X 10 


Na* 




2.0 X 10~ T — 0.001997 




15 < f < 20 


-2.0 X 10"^t + 0.004003 




t > 20 


3.0 X 10"* 




0 < ? s 10 


3.0 X 10-" 




10 < f < 20 


3.0 X IQ-^t 




20 < t s 200 


6.0 X 10"* 




200 < i < 220 


-1.5 X lO'^f + 0.0036 




t > 220 


3.0 X 10"" 








Ca'* 


0 < ^ < 10 


3.0 X 10"^ 


10 < f < 20 


4.97 X 10-^ t + 4.94 x 10"" 




20 < t < 150 


5.0 X 10"" 




150 < t < 200 


-9.94 X 10"* ^ + 0.001991 




i>200 


3.0 X 10"* 





jjSI jj (j! o^jpal .^jjljjiLo 300 e-i- tXii. ^Ull sLiiil (jj-^ J '.'"I'^l (s-i) 
. jjSI Jill jjjijl Ual^ (_>iJ <jU 4ili.iaJI slii Li!liJI (_jllj LiLc. dU jj!iU 
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?sj Ca'^ cAi 



^jj^^l SjjJII ^jlala -III f j^l 

^ ^oU (jii^jjjj J ^^ij^lj (ja^l (J£ia-a (jiii'.l .1^ i»:i31 ClcjxAj Ajc-jVI 



.(^LuuV) Ajj^jJ) ^jfrjVI (j^U^ :9.lj7 JjJaJl 





(j' "/''"') 




63 


2.6 




27 


1.8 




35 


0.4 


AjoUJjll AjjUj<ill ^J_^l 


3 


0.003 




0.05 


0.0006 




2 


0.002 




15 


0.5 


ijjjjjll AjJjjjII ^jjail 


14 


2.0 





.(j,-!-^ iiill ^JjuJaj ^U.ljVI oUjI iojjuj ikl^S IjLi 0.372 jA tijlj IjIjLi 

J Jlij . y J X ujaWjVI jtLS ^ aIs jiJl jLj U . y sUjVI 

(jii jS - ■ ^1 {F^ J F J F^) j-all e jsll i jni->t j 4i_ial j liljf (jiajial 

y J X Jji -.nil A^uuILj ^.lll ^^S1 oUjI jjilj t(_^i]laij Lail^ J .Ajll-o j^jVI 
(F^ J J F^) Aj,JjJ\ i jail >jn,^l .(jjUJI eiA CjUUjI Jij V) Z J 
.UalluL4 jjjSj Laljc. <jl£-4 AjUj'y J^Vl (_>ii jS j^jJt ^uaiaJI 
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. j^Vl (_>«ja (.J tjajal i^=^j^ ^ J :10.<-i7 Ji>iD 



.(-Jail (j* a^^' S-"WJ' C?^j ^>*^^' < . 1 ll II JaiuJa I3 jjA 3-<U (^ji t^) Q-f-J? 

?ia j^l liA j1jL> jA U (!) 

4-0 jlLJI ji iAjCjVl 5_<i jlLo ' ^* ■ "-^^l ia jjA J' 4 ^xuriJl liljaJil LoAic. (<_j) 

4-<ijlial3 AjJ^IjJI La .?.lcjll jl^laJ j>.lll ii3l£la.l (jc. ^-.-nVi ^_^I J 

PRU Ajkja^l ^Lojliail S^la. jJ i jjLi i_j| jaJI ic! ?j..n>\l ^Lkia^l 

. peripheral resistance unit (PRU) = mmHg • s / cm' 

2Lajlia iln\£ lit .(j^aiuiJt ij^ AJaJa-a3l S-ajllall jj^aiklj 44jJaLlj3l «.Lli1 (cj) 

140 (^Ljj^l ^^iai-ia (jl^j '0.47 PRUc5jL^ AJill aJ^j^I ^j^^I 

?j^jlflll 4^^)^ jl.14.0 jA La 
- ■ "-^ ^ J r * ■ ^ ^^laa. C-lLa jlLJI ^ajJa Ajil£ (iJllV.^Lu ^) Uc jjj Ua^ (j!jilj(llj) 

jijL^t J jjSI (jtjjKll l^.lJJ j_^l 4-0 jlU) (Ja .4jk31 4jl-ij-> flll 4_ojllo3l (^iaaj] U-o 

?1 jUj ?2ukll 4jaja^l ^Lajlioll j> 

4 Jloll Jjiioi ^ .^^jlall ^ jaJI Jais Uja. VI j»J^I _jiJaC ^ c5 JJ (f) 10.^7 
^ji. (j-o 4lo]l 14 (^jL^ La Cj»JI (>o Ijjj] 0.7 ^LoJI J'-aaJ 

.t^>Vl (.LjacVl .ii:i«i--l 10.^7 Qo. ^n j jll 4JU <^ ^1 ^1 

.4j«iV. ClL>La-aj < .u's.l 1 "nt'i 1 n n 10.^-17 Jj.^1 J-oSI (^) 

^Ud^JI f^l tjajj J:^ jI:14a jA U(^) 
= (_jic (J J I II dtiLjastSI (jj^Ajl L_llill "^^-^j:! t^J' '^^^^ p'-"^ 
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Jul) 



0.7 ^UJI 

1.35 JUUIj ^^^.^1 jU^I 

0.3 jkJI 



.^LjJI fLui ^ji :ll.v7 JjJaJ) 



^ 50 
Jllat AjujI jljjj 



^1 <^50 



.ll.L_!7 Jj-^l jA La (Jij ^ ini->l t ^jJl ^jjJ JjijJj iCjUii-aJl 

^Jlll 4^ ^yij JjLa jA La lAAiijJl IjjJ 12.8 c^jLjj lJSII ^ji. J (j:al jjsLj (Ci) 

^^jualjjll fLlil (.IjIj^ .ikJl JJC (JSJJ -iLlJjV cSjJaJI ^^iJijll (_njj| jA La((ll) 

.4jC.La.l3l AjLoJI j L-lJSIl (_>;al j-oV t.iu.i jjS! AjjxiJI 2jt jVl tju^n-i !lxj tiil) 1 1 .L_l7 

Aijja-a CjbUJI j 4(JJjJad ^aSlc ll.L_l7 J^jSJI LWf*^' Jjij-<a3l (jLl^>j3i3l 

1 10 jLoLi ^^jjJaUajVI iaij-^l tlji<^ni,.i 0.5 jLoiJ jjasll ^ jaII ^.Jl (jSJj (jC 

10 Ac_)jai]l J '(Jjjjj j1«j1l<i 70 (_5jLaiJ ^ Inl iLi/iVI JaiuJallj '(3^j 

^.Jl t_LLiL^I . I ja-aiijjai 0.1 4-1 ^j-all ^jJasll i_gjLjjnj ^ Cjljlxmiui 

(mean arterial j3l (^Lij^l iiujJl i jmVi J jkLail si* A^iaiJ 

pressure MAP) 
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V liU .^L^Vlj ^UiVI oiLi^l aW^ ^^jll ^Uj^l ^X'^) 
SU«JI cjULull JL«iu.L (!) ^ ^jll ^^Lj>ill iiujJl c^l(dj) 

. 4 I nil (JllljLui^l ^tljj 

«.lcj3t (_3J I I ^ 11 ml (Ji ^ t3^^j j") njlj <i 0.1 jl-^^AJ i^i (jl (j^aj^sl 

^Uji3i31 iaijJaJlj Lo^liiaui (ill) ^ ^.ill <C. jjj t j ^^J jxJI 

.(!) ^ 

^Jlll J^lLo jIj^IJI JaijJall jLlJljl c^^^Jj .(.JoiaJI jjx jUI pj^l .2 jJI 

.^30 aJ> jl£j;^0.5 Ajjjll jiaa jl£ cUijajll JjS .12.^7 J^l ^ J* 
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207.06 


2.3 


1.35 


0.0 


155.76 


2.4 


1.73 


0.1 


121.31 


2.5 


2.23 


0.2 


94.47 


2.6 


2.86 


0.3 


73.58 


2.7 


3.67 


0.4 


57.30 


2.8 


4.71 


0.5 


44.63 


2.9 


6.05 


0.6 


40.61 


3.0 


7.77 


0.7 


42.12 


3.1 


9.98 


0.8 


46.75 


3.2 


12.81 


0.9 


54.63 


3.3 


16.45 


1.0 


63.54 


3.4 


21.12 


1.1 


67.12 


3.5 


27.12 


1.2 


71.48 


3.6 


34.82 


1.3 


73.98 


3.7 


44.71 


1.4 


74.85 


3.8 


57.40 


1.5 


72.10 


3.9 


73.71 


1.6 


70.23 


4.0 


94.64 


1.7 


66.31 


4.1 


121.52 


1.8 


63.49 


4.2 


156.04 


1.9 


62.57 


4.3 


200.00 


2.0 


63.03 


4.4 


242.07 


2.1 


64.54 


4.5 


245.47 


2.2 



.'^ir nrt * 



Jj£jj ^yij 12.4-i7 jJJJ -^J^' ^jj^J^ ^^JiJ C5J^J^' uLj^>*jiil 1^ 
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.^tjill Aa. ^ Atu^II jj^Jj jjn.^'l JjU. .(13.^-17 J^') <-aSLa 4loUi-o 



lillil j£oJ t^».lll pl^>^l ilibj^l (e^Lij) Jaji J ^\ jaa J" t^^j^l CjVLaJl o^oju 




A B C D E F 



JlSijI Jji.lj A-^ tA iJiaJll (jiaJI i«J . jxjii AlA^ ^-i^^ l'. 'l r. : 13.^7 J^*^) 

iDj C jillaiill (jjj JjSjill ioUjJ sjjill JJJ^ .ixJj .B 5JiaJll jLi.1JVLi c-Al (jlinj 

Webster JG, Medical Instrumentation: Application and design, 3 ed., New York,: 
John Wiley & Sons, 1998. 
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JLmIoiU A1<JI 65 j A1<JI 40 j Alall 1 5 ^JjlaJl L_Uiijll ^ lic J jlll 

J\ jjauui^ Jaj Jxias! jiaj s-lj^aJI ClUjill ^Xaa^l 4jjl<JI ^ '-°('^) 



.JUia^lj Ci^^ »J jji f I >*aJI ^i^l ^Uj^ jjx^^fl ^j^l :13.u7 Jj>^l 





(>uLi) >S1I 






80 


0.15 


3 




20 


0.20 


5 






0.21 







jjjjjj J Jialj .Ai<ilt ^ 20 J ' Alall 80 JUJall Lf 

jjj La ^ LSJJ*^' JjLJI ^jJaUj JaijJa ^^j^j .1^1 jii. JJC Us^Lo 
Inir . ^ in'lVI (jjj La (JjLjill i ^ j iAjjjxll Laj!iLJI ^jJaLjj i ^ j iCllI jJXjill 

^ (JjLuJI t^T I ^1 J '(_3Jjj Ji'l «i 28 (^jL"J 'SJJJ*^! Laj^iUll ^jJalli JaijJaj '(JJjj Jl «i 

•(3^j j"' ".j^; " 3 (_5jLuij 4.i_uijVl (jjj l-a 

.AjUjVI iajijJai] I j i « La.jjai jl lij^)aJ JacI ^Ij 
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InT I ^11 jIjLo La j'l J «i 17.3 C^jLi^ V-i i n jll dlljJajjiJl i (j1 (jJal jpslj ^dj^ 

•CS^^j jT' "J^J " 20 C^-^Jjil J ^^^^>^^ Ui^^)^' 6 j/t Mill (_^JaijJa Ja^jijia (_^jLuy 



■.17.^7 JiJiil 

La (ja J gjmill ^1 4jj.a.lll a jj't nill JJC L^jLi ^^jjSjj 4jlia ejLa (J/itj (ii3) \7 •'~J7 

^aL gjHi'lfl ^1 S JJT Hill (j-a 4jI AaJI s jLaJl jLiiijl (j! (jia jpsl .17- '-j7 iJSjIII ^ clttf* J* 

:(Fick) ujj^ 

n=P5(C-Cj.) 

S.:La]l ilij (JxiU.^ jA P j 4 [Nt"' ] » (> Aiajlall s.:iL<ill aMaj^ <^ H (jj 

aAA Jj^JJ jA C J t [L^ ] 0 JJxlill ^^a- ^ 1-1. II 4j>.Lai.o ^ S J '[Lt"'] <j|iall 

jj^ jA Z J c[NL"^]5^l ^li:*]! s^Lall j£j J 4[NL"^]Sji«^l 

. [L] e JJ*lill i-i^ jA r J c [L] e jJ*Iill 

^Liaj jSj .<ic AiLuJl (JjJaliij] Ajjjji aJjUx (-iiSI :^^a5L») V j L j 
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=5 )jmol/mL, v =0.7 mm/s, L = 1.6 cm, r=4 |am, P =5.76x10"^ cm/s 




.l^)ii-a ^jLuO ^Jin'lll ^ (Jjla_<JI jj^JJ (jl 

4> ^1 99j AlJI 95 J aUI 90 JlSiiV ^.j^ill J > (c.) 

■<j]aLj J (jSJj (j!l*-<i jjxjjj .A-a-uijVl (jJJ 1-a (_5i jj^ ^1 ojjAll ojLJI ("ll Aj '"'I "'/'JJ'^I 
i_aj»jj .15.S-i7 ij^-»iil j^yio jA La] liSj (_5j-<i.lll (iltjll (jlj^ Jj^ (Jc. (JjLuJI 
: J slcjll jl^ (>o c?^ Ji^ (JSJjII (Jis«-4 

y' =^,. (AP,.) 

J '[L^t"'] i 4^ jll jl^ jjc JjL^I t^aju jA V. ill ^-n^ 

.[ML-^-'] / ^ >Uil 
P2J PiJ K^j K^j K^'a^^ V-iVl L« jkJI iiuJnl] SjUc 2: 

P3 J 4(_^jx:ill ?.lx. j3l j> cSAiJjil J tsj^J^' L«2j^l jUaiuJall LaA j . P^ j 

(jJajSal 4(_^_j^.i3l s.lc.jll (Jjia (_5Jc. JJxli 1^11 ij\ .Ajjlixulll ^.ajialall \tii i>t jA 

Ajjliojill jkiall J 4->nriVl Qli La _^l Ja jijJail jl 

jjjj^l ij,ii<;! JSiii t4->i,riVl 2Li_^J 2Lic.jVl (> jjauo^Vl Jlajjl »Lii! (ii3) 19-^7 

t_ajia]l J JjJjill AlJoiSl ^liil Jj^l ^'"^ill J^J -^J-a-JI ^ jVl Jl ^-NLnlVl ^j-a 
(_^jLjiJj .(JJjj jiajl}- 46 (^^Jjll i-a Jail Jj 4(3jJJ j 'njb" 40 *l£-jll (>i jLl^>*3ill 

j\j Jlajjl Ja«-a c-Aioia.! .17.575 mmHg/|xM jjjj^l ^lio^! j\j3 (_^jjA jjjli iiulj 
735 



:(HeartMate® <Jll.j) oi^\ U J (^) 20.^7 

.(_Sja.Vl ^L^U 4jjlLi jl^l li^ U_>i tlLi\j (1) 

?e^l jll Aiia^l ^ ^ ■ "-^j (j! J^Vl (jJ^I Jic-LoLil (jIaj ^Jlll jl^ jA La 

( •«.,-. ?J jxla.U ^Liu^al A^j^iil ^Uall ^Jc jioLjVl OjiaJ^I Ji^^J l_L£ (^) 

:(Jarvic l^illa j) s JjJ AiuJaJl jl^ La ^ (^) 21.^7 

.(_Sji.Vl 4jjlLa Jl^l li^ Uj-i jSil (1) 

j^Vl jxi-aL^lj <jjlia jl^l L_ljJC. 

jl^l lllLaxla ( ? J ^jJal 3-a_pUI ^SUall ^JiC jl^l J'^^; ' »;< (^) 

.t^lac. <iilaj]| <^j!>UI 

:(AbioCorTM <Jli.j) .^i^l ^U^l ,^1 U ^ (^) 22.^7 

^L^U Ajjlia JL^I li^ Uj- jSi) (!) 

ji.Vl jxLaL^lj <jjlLi Jl^l 4J JJC jSil 

^AjLiaLij ^^^1 ii .-ill ^ J jj (i-^) 
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J jjnm^'i jSilj 22.v'7-20.m7 Jj1-^1 S Sj^Vl il {^) 22,. ^1 

.8 jSjxo jl^a! 6^ ©Uj ^hjuri 

.(_jcLii^ t_lla ^ij . ^"i (jj^ (jliui^l ^ L&ii.l t_L?-i AxoAVI SAj^ jjjlfcx Ajoi-ai. jSjl (1^ 

.UjJC.j jl^l Ajlloj 43Uall (JjUklaj 45aJl (»^J JjUJI ^ji. J!i«-<ij ^la^JI 

IjiU.jj (jl^l Cjlnni->'lll ^ La jJI (iSlj i_4ajJaj S jS Jallj ^ 
.4j*U£ j 4jLal (jLuJal AiiiS Oljljikl ajLlklj jjUill liLlc tjWr^' ^u.^ ^ (^) 26. (-j7 

?liLaJ i^l«J«.^-i jiiij iIjUI jJaJI ^ La((_l) 

La . jLujyt (jlc AjJa (-JjLajl UlViln (JljUl jJaJI (_5Jc. liijljLlkl ^Ijj JnT'inrun^i— 

(_^j ^Lia-i (_^i31 u\\ <ulaJl 4ja^Vl (> (Jji'Vi,; all jA <^IaJ1 ( . iV'ill (j) (f) 27.S->7 

.^jji^l lilli (jc. (jjjjjtj I jll jLa (jjo^Lill (jl jjc. JIajIuiI 

^ La ? JUJI liA (jVl <^ Cjjj^^I l±J j=A\ ^ La (1) 

f^J^ Ali\l (jj^ ^-^ ...iVfl ^j^ ^^""'■■'''"'^^ ■■■ I^J3 (j^^i^ljll 
(jijjJI ^^jota. ^ ^ J_^J ^^^^ LJ^ AauojVl (> Liili^ Ula (j! jp iljjl (i-j) 
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djUll-yi ^ ijL Lj^jUJI ja ^\ LLiLk j^L^ o^l (^) 

(Jjl^ J cS^J '^J">J'""' O^-^j^-* t^'-^*^ S-"^ ^'-^ ^tF'^?^' liiLkJI IajS jp 

2L« AjIUJI Cjl^ ^Jc^j iAjciaJI L^JUJU jjaJi AilLkJl 4j£5U.V| jiiill 

^U-jyi IjJS :Brita® Ujjj c> J^i 

J^Jall (Jiui! LaA j 4 Jjjll jJj^ (JiLi. ^utyW JjLjill jl^ 

V IjjIjS j 4^ 1 1 jjUij V Jj^j 'c?j^l (^W- oM jM' 

» j-^ ^ ^1 La^A« A^l jll ^ I iij Jjjj'J^ ^jjslLui ^jjjl MIT I ^jl"''^- - LoAj .Lal^^c. 160 




^fl.iM ejjij^l 4jc.jVI ;>! (_jJj (j^^^ill ^J^J -(^5^' ^J^' t>° 25 
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(_yaL^alol (JjA 4iaLii diUjjjjl (j^ UJ^' 'cSjl^l S-^Ji^Vl ■iJJ'Jj -lSjI^I VJ^^' 

^^pjj (_! JJjjVl ^ -isiJ ni^l ^ SjS 'i-U j| ^j^l ^1 Jpjj 

(JSj (J^3<-aJ -^JJ^' J^'^ 2^-^^' ^ jialo (j-a i-jJajll ^jijj .V 2^<K1I ^ 

.AiiaJI jnUjn 1.1 L&a-aJ lSJ?-« C> Jj^^' ^J^J tALaJI ^ Ijjj] 1.2 (jc- 

Ijpjl 1.5 uJ^l j/ijKll jjc ^.ill (Ujllc. 50 jaj) IjpJ 180 
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: jAj^I .AjKII AicUll jA J 1^1 J jjjij :2.o7 t3^t 
Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 
2000. 

Aljp tljLajliiJl^ ' ' ^ - j' ■ ^1 (jl (jj^ t4->l ni^l a] ■ ^a] 

2j3LJI ol j (proteoglycans) CjUl^ilt jii jjJl ^ Ljoj! CjlLj^JI olia^ Jtlajj j 

jjSI t(albumin) jx» 1^ j cA « u A II ilu=>. 

.^^ t_J ^jJJjVIj <]aji-a]l AjC- ji\ A^jjjj (_jic. ^ jiiLo 

dLiljJaslI liSjjj llljaj tlllli jail j^UjjVI j^l ■ ^-'-yi ^ t_! j±l6U SjoiJJjll Ailii jll J 
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jLxj c-lc (jjj La jj^JJ JJJ^ t ^ '.'"'.'J •■^ .'JJ^^I ^ Cll2>_uij ^ 

e^lc-j ^ « . n"i t4 «g nil ojjjAuill «^ jjl .^jJalill (J!iLa. Ujlalj ^.Lall (j^L-^iLiil 

.(jji^Vl CjUkjIj ^:)L.Vlj ^^99 qAj^\ jUj tVWJj .dj^iLiaall 

(j/ij 44ji.UijJI (jjjiiHj ^lira-all (j^ A-<ij!iUI JJC. A j-oll JJ^ .^jJall jA ^5 J^^' 

I ^ ^ nil (jS^ Aj J 1 ^r. dlUjjl J ^ JJ^tj J ijj^jjAl^l J ^j±3ya^\ Cjljjjl jlj^l lilt 
(-JjJjjVl ^J^J - ■ 1' LSXsLhJ)i\ ClLlLuiJ <uijJall Ajjjlfill ^1 jjll jj/i ji AJJjC. I— llljl nf, 

l^jL (jii. l^jiJ Ajllall ^ SJjLoJI (ajK jj-o s^Li.) (jUlUJI ^jijj .L_i]UJI 

j>i AajUll Ajoujj]! AjjI^I ^ SjIc. JjJl t-slbjj .j^jaiaJI ^jU. (Jjla-VI jJC. 

.(1.07 Jj^l) (K^ cCr cNa^) A^U 
(glomerular filtration rate J^«-aJ Li-^ ^J^l ^^jjj jl-^a- jLaj 

(_^jI*J1 (j^aiuill (J2i3«-all li* L^J-^ •(>'jil eAi. j ^j^l ^^l --^^^ 'J»4 GFR) 
^ AiJikJl Cj| jia^l jP£. jpjj J ji/Lij .(^jKll ^^ (jai (> <UI 10 

^-r^ (angiotensin II) II (jiuujjjijT jj^ ja Cibjlaui jiLijijl L-iiou ^^jKll jl^l 

.A m^ll ^^jj (_^a-oj ('^1 IJ^I^ll (_jlc. l-iit I ^11 ^jj La IIAj i^jl^l jl^^l djljj^jiji (ji-IaJ 

(sympathetic nervous ajj jJl ajj^^I A-ajkiJI a I/u^H cjU jk-JaVI J '^^f^ 

ajj jll L-jK^r-Vl ^ oAj^l (JjtlixJI "^1 tlju.ii ajjjUI jij^^jj Jjbt^ jlij systcm) 

jljSj t^-^JJ (J ijjiU (j£-aJ ijllail JjiJ (_jJc .IjJJ^ Aja Jjjj (jl (j£-<ij aJjJI 

t^x^ JI t^jjj liA J c (norepinephrine) jjjsiuljjjll j (epinephrine) uJjiyjV' 

j|jjj (j! (Jos«-all 1.1^ (jS^j .AjJjkll ^Jjjijp (_^six (jiliajl Jj ^ L>*J jl j II dlUj^jjjj 

(j^ (_j'ni<ill dijJiVI JJJoiSl (Jj! (JjjS Ajj^^I Ajc jVI ^Alu jj ^Jc (_J,aaJ ^^1 l1iU_j-o^)^Ij LjaJ 
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.(bradykinin) aJjjSji jJl j (prostaglandin) j i^j-J ^jcjVl ajLLj 













100 


0 


180 


180 


(g/day) JjS> 


99.9 < 


2 


4318 


4320 


(mEq/day ) CjUjjjSjj 


99.4 


150 


25410 


25560 


(mEq/day) ^ji^j^ 


99.1 


180 


19260 


19440 


(mEq/day) jjlS 


87.8 


92 


664 


756 


( mEq/day ) ^ ji^'u 


50 


23.4 


23.4 


46.8 


(g/day) ajj. 


0 


1.8 


0 


1.8 


(g/day) oJiuUjS 



Guyton AC and Hall JE, Textbook of medical Physiology, '-Cy Jj^l * 

Philadelphia: Saunders, 2000. 



^JJJ^I ^UUJJ JjXA l.ili? JIIaA 

jIxj jI (jl (jj.^ (jxi ajjj^I ^>jc. aJj^jou j-aj jS^ji jA (Inulin) (jjljjjVI :4JLul» 

,_jic J I j nUjn 100 0.1 CSJ^! jaloui jjS JJ Ji-<aJ j! ^1 (j^aiuill 

jiljC. 0.08 AjS (jjljiiVI jj^JJ t/^' cJ_?^' O-" 180 J-<»^ 4|jjJC.Uii ^JXa 

.1 

.AjJJ^ll ^ unjj ' '"'^1 (I) 

Jil^ .2 
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j%lLii 0.08 c?J^! JjJI <^ uJjiiV' Ji^J 



jSi' 100 JS ^ j. 0.1 (^jU: 



. Jjjll ^ f"^' titJJ^ (> ^t^' cJ^-^ LW^jj^y • 

L-iLaia. ' •■•■< -J ijik-LJI (J!li. JjJI OJ^jj^V' Ji^J^ ^O^LuiVl (<-i) 

: 1 Mil I il (jjSi3 jjjJjijVI 

Q-Q^g"" l(l80mLurine)=14.4g 
mL urine J 

.3 

'UjSII ilAiual Aj^>AaJI (JLaaiail 1 11*^1 i^Aj^] 0^ (SX^ A^jj\-in\\ 

aJjjII i-iia. LijLoj ijcliii V ojijjjyi jt liJaljial iUjj .3-3.3 

\ J^j .9-3.3 Ai5£3l iiU^V ajjj^JI aJjUJI ^ ^liDl^Vlj 

^.l-i.' nihil Jil .Loj.i3i-o ia. jjll tAiUJl jaloLa jjSjill (j^ L^l UjJaljial 

: jLiill cjU^ j> '^V 10-6.3 aJjUJI 
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Z'^'-,.' "Z'^;.v = '"blood m, inulm urine, inulm -"^blood out, mulm =0 

blood in, inulin ~ urine, inulin ~ ^ blood out, inulin^ blood in ^ urine, inulin ~ ^ 

f 0. 1 g inulin ^ 
[lOO mL blood J 

Vbiood. =14400 mL 

^IJj .jj-ajll ^jj^jaII ^JI GFR ^JJJ^I ^i^J^ iS^*-a • 

V hr yly60 min j min 

4ja-njll .4 

Uiaj! ^Lij (j^J .l^jUjij 1^1 0 jjiVlnll ^ "J^^^ 2jjlLi ( ini^"! Ijj'i^'ill ^1—1^ 

(^jKll jl^l tja^ i> AlaJl 10 jaj (^jLuiJ AjjjIII jc^ji 

120 ^-J^J^I j^J^ uj^ c^J^ '^j '^-^1 Ijjji 1.2 csj^i 

.AiiaJl IjIiIiIlo 

ij-iij j^si 
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jjjjll Jjja i jljaj j/nKU jLaj UjiL ^JaU j5Li ^^1 JaLua ^Jili .2 

(> J iAjj^JI aj£ jVi tiiy^ J 2^ jj (J^ljt (>il=ij (rennin) 
AjjLi^l ^ jVl J*^ J ti-l 6^ u^j -(angiotensin II) II (jj-iu jj^jVi 

^jj ^ iilil^Vl j! CjU jjVI ^ > 5^ c*^ '^^'^J*^! ^ .4 

. (Jl!ljj^)ajJI ^ 1 (; I .-il I .-i"! nl Aju pLall ^XaS djljjjVI jjSljp JJj^J .(_><aajiJI ^UtJa 

(Jjbjjf tjtljKJI Jajj t7.35 (jjJ La <jJa_j/LaJI J/ik. Ijl ^tll 

(Jj^^ f*Li*^ ' "T^ ^ (J-^^)*-^ ^ ^'^1^ A-ijj-oVi 

jjc i-ijjii Aa^U. 4^1 LlIsJI ^llsy ajxaVI Ai-iji (erythropoietin) 

(jS-nJj Uaj-o (^■iJI (jjl Jjll ialiaJI <JijiLjiVl (jjjjKll i_ajUaj J^-'" La-ljc 

jj. ^'all ^'-^ JaAuiJI L_llgj3VI (j-a ' ■'^''■^j (jl jj, ^'aW (j£^j I '^J« jj' ^« (J' ^^J jjl 

j^j,,^! Jj (_5J^ (jt (j£^ ^Lijjill Jj ^lijjl (j! lillj t^LiaJ .oLlaJ] JJ^I (_5 jKll 

lilli jjc i^Lj^ill Jijjll ^lij J Jl j s jj^ (^jKll jj..^ u^J 'L5ji^l 

^Uj Jl 0JJ.1J (^JJj (^ill 4(^Li^l jj_^l ^lijjl i^jKJl j_^i^l l^ja ^Uj ejjj 

JUJl (_5jiLiiJI OAS^' JJ C?J^1 O-^ Ljajf j^J .(^jKll 

.Xji^A 6 jjt I ^11 AjjxJI Ajc jVl tj^j^^ f-^' L>* 

J -O-oj-a C?J^ J_>*^J </J^ 'Ud^ J Ai^l (^jl^l jy-e^ ' 'j'" 
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^lijjl J (tjiaJI cs^ ji^^ Jj*^ (edema) «llaia:VI is^j^ tCjliJjj^lj 

(hyperkalemia) ,.^1 L ja cj^U. c-iu^ jja^ Ji\ (^jjs 

ejjAiill (jj^UJl 4(j:a jJ) ^Uu ^ lijj .(metabolic acidosis) (j^LAilj 

(j^^)*]! (_5 jKll J J I ^Vi\ jxoJJ 4<jjlLalljj .LojJ 14~8 cT^i-ii (jlaJ^)^!! Jj (j1 

(j^^ J . CjU ^ J Jlxjl J J - ■-i'^l ' _ ' ^ jl (jj) \\ ^^^^ J t_S3LjJa]lj 

Vj tl-o Jj LutJjia U.Ja Jjl j Ollll JJ^I ^ Ja Jc Ja*J1 ^jLlall CLlLj JjijU 

(_^jLuij L&s«-aj Jaaij J <S j^-uij I ^ ■ ^1 ■ -I jUj V (!ilii-<i jjIIj (jiuiUj^l) t_L>laiuiVI Clilali-a 

^^j^ ,„\Vflj ^\\\ ^ f^lj^ LaiiLo LijJujJ ^-^JP *i jll CjUlkxllj .<JJj£]l ^lAjj (J^a-o 

j^ojj J Jjj" Lisja. J*jj) (uremia) j^^l oIjjj i^g-aj-i j iA^lui cjUjIo^x 

.cjjJI Jl AjI^I j J 

renal tubular acidosis ) t^jKll t^j^^^ (j:alAJl ja t^jKll j^^^l ^1 jjf ±Ji jj 

(j^L^I ojl£.j jl ClU jjI jpi JSj La ^ jia J (j^^^' (3*=^ J '(RTA 

jjJI j.Ui jjjiii cyj (pH<7.41) J-Ui Jj .iUi 

.VI ^ jj^l J 'II ^ jjJI J J ^ j^l jl^l isij^^^ (_>i>lAJI ^1 jjf ^Silj .[1] 

(Jl ■-I'.J (j! (jS-aJ (^iJl cl!ljj^)ajll .ii4-a.j (j.a Ljijj jj! cj^-»J '^^Oj ^'j^^' *^ 
^.lll J ^ jjjoitj jJl (_5_^luLa (jialiijlj jjAllj i^^j.^s^\ L_l jAuVl J JjVl ^ jill Jpjj .AjKll 
5^j.a=>. J^lc. 5-aja (j^aiiJj V i^jill IjlA J • (jjlll^l J (jj^ iJ^J^. J 

CJJ jia.iJaVI (>i Ac-j^aa.^ Jj jaJ jAj c J^VI t.^jJjjVl J II ^jjll ^JJJ .5.5 (jc- JjJI 

(j! (j^j .(fructose) j_^ljs3l ajSjJI ojuJI J£Llaj ji jj-alliaJI jjc 

jjKjl ...IjT.llj (aCetaZOlamide) ALaVjjl nuiVl (Jla Aia-a jjaU*J LnjW- Ljajc <L-<a jj j^-iaJ 
J VI ^ jjli JPjJj -7 J^ 5.5 'SJ^ Jj^^' AjJaj^ (Jxlc ^aja .AjjlUi Aj^jlall 

J AjxjaL AjJa jA-i (J-alxJj ^Jlll J Ajllc- ^ jJ l nlj jJ dlLjj'un^^J jj-aJJ Aj£l ■ ^SS/I L_ljJjjVl 

jJiuj cs^l (aldosterone) ajj^j^^ 



746 



Uto^ jLajJl t^jKll t^^Vl oblAll (> I ^ ^Ij (.j^ aJUJI oiA ^ .(pH<7.41) 

.S^lc 5.5 4^ Jjjj JjJI 
(> (NH4CI) j»j^jj-Vl -ijj^jl^ Jjbli t(acid load) a^j^^JI iaja jLiikl 

.(_5jKJI ^jJjjVl (_>:aLaaJI I ^ jjlLj AjL^VI i^jjU jLiii.VI liiA j».liiaiJj 'jsi^l ijij^ 

j> I ^jilL s^L^I (j^^ ,'nll ^ U .[^^cjUiLa. 6-3 5.2 uj^ L. JjJI 

.1^ niVl si<JI *Lu! 6 (>« JJ^I JjJl AjJa j^aaJt (J^li. j_5Sjja 4(^jKJl (^jJjjVl (jiaLaaJI 

gjtij h") ^jJjjVl jjJaLtaJlj Aii-a CLllj jjial_)C.I (j^ ^^"uVl oJjjoi jjl (jiajasl 

(jl (j:3ljjalj .JjJl 4jJa J-aUtl 8. 5 J 'WrJ-iJ j^-i^' 5^ ja^ (J^laJ 7.0 lS 

l^J J jJI j-a:i. J.<ilc. (J^aiij lS^I j» jjj j^VI -^Jjl^ jl.^ jA La i<J*Jjia LgijUa j 

(^jLuy NH^cjbjjV {KJ Am d^jl^ tjj ?5.2 ^ 8.5 JjJI a^j-^ 

.5.6 xlO-^'M 

^AaaJj .1 

8.5 6- J_«ll A^j-^ J-l^ fj^l NH^Cl-Sl Jji. (t) 

AijUi J (_yaauj (_5.ii 5.2 
.4 .Cj:? J^I (^ :Jnkk^l (^) 

Oiki .2 

(^jjjjVl o^U^I (> I ^ Jill V (^1) ^nnU i\ jJ\ AjjKll UuUi j\\ • 
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.cr J NH4 j\ Lk AjjjK ^ • 

Ji^' CS-^ '—4^ (.&«-aJ Jjjll (jj^ • 
(j« dulj --^^ ^ l^>jjiLl^ Isi-aa. ^ * NHj SI J H SI jj^JP lji«J ^-^^ * 




.jijJI Ijjj] 1.5 J 1 (jjj La J_^I uj^ Jj*^ lS :4jaL]Jal cliljUj^i-j) 
.hr J mg Jxxlail jll j jj^ jll j cj| jjil<JI (cj) 

.(^ U ^ 

:LaA jjbj >aSI liSSioSI (^) 

NH^CID NH^+Cr 
NH^n NHj+H^ 

1— iL..ia. .3 

(jjUjjf ujLiiaJ 4-3.3 AjIjJI 3j jl jJl aJjUJ ^jjjaJI Aru^W JLaatlioil 
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Z«,-,H^ -Z«,,H^ +«ge„,H^ -"co„s,H^ = "hV -«h'',0 
:4— 9.5 AijU-all ^l-^t'iiil 4(jja.jji)^l tllUjjl jjSjpj <LSa j^taJl (Jalc jjj iaJjll j 

pH = -log[Hn 

Ijlijj .Ajllall J_ji.J ^aJllI Aijjjjjl J] liKijJ ^jjjj-aVl ^JJ^ ij O^J^ • 

-^1^i^'...,Sfl J iiljjll ^i-^ ^j£-«j 4<jlla]| 2 -.^ J jj] jj ^.ic. 

iii.H* acc,H+ H+,f H+,0 

cjUjji jj£ Ji t-jLaia. 4(8.5) JjJ] sLk*^l 4jjVl pH JL«ia,lj • 

(pH)r''^'=-log[Hnr^' 

[jj.-|bladder ^ jQ-(pH)r" = IQ ^ ' = 3.16X10-' M 
j^l^jjVl I— a^jiall (jja-jjAl^l (Jllbjjl jj^JJ (j' -i^j 1 ^ 1 nil AAl^jJalUj 

SAuJI t^jJ JjJI J:^ c?J^!J • 6.298x10"* M(^jl^ (pH=5.2) 
ij^J cPlL IjAilio ^1 jjj JjJ) JjLi (^jLuLi lilj 4^jjJl Ijjjl 1.25 

1, day j^24hr j 

^ bladder ^|-jj+jbladder y =j^3,16xl0 ' (0.208 L) = 6.58x10-'° HlOl 

^l^Vl ^jiill iIjUjjI jjSjp c^jUj 4iiSlj jljc 

(jiasaJ j.j:5Ul jja.jjii^t cjUjjf JjIo ^ jkill (jjSj lil . 1.31x10"'' mol 
:5.2 8.5 c> Jj^il J-^ 
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=1.31x10 ''mol-6.58xlO-'''mol = 1.31x10"^ mol 
Jj- NHjO- ^Ij Jj- iiL 1:1 NH3J H^j 



. bladder bladder 



1.31x10"* mol 



^l^lxirmol^^ 298x10- M 

accNH, 0.208 L 

(pH=5.2 ^) H* J NH3— II l5 jj^Jjl jJJJjjoia^l UA»J^' JLaluiU • 

: NH4_! Jj^\ Ji\ .jni^i 4 NH4— 1 .iKiill cjjl^ 

^ ^[iriLNHs] 

[nh:] 

rnnrNH 1 (6.298xl0 ''M)(6.298x10 ""M) 

[NH:] = ^^^^^^ = ^ '\ ^ = 0.0708M 

' 5.6x10-'° M 

:5.2 t> JjJI A^j-^ J-l^ ^j^l 
""J"'' =[NHpy =[^0.0708^j(0.208L)=0.0147mol 
Vj- 4^ SAuJI AijLffi ^ Jj- jU til /uK .iKiij NH4CI— II J li-ijial • 

jIjLo I i1 1 11^ (j^-S 4^jjj_j<oVl JJJjKJ ^^jaJI (jjjll (JLaaiuilj . NH4 SI (j^ 

J t^ill 2ili£ll 



''NH4CI '-NHiCl'"-' NH4CI 



: (0.0147 mol) 53.49 



mol 

788 mg 



( 1000 m g 

A^^l .4 

(_KLk^ (^jj cjULa, 4 lDU. 5.2 (^1 8.5 i> JjjII ^Lij-a. J-ln :<_j| j^JI (!) 



750 



JJJjK (j* Lai jTjljn 788 l) j'-H! ' . tljTj;]-! ^iLaC sljjK (J-aaJ 
^iLaC. otiiK (Jxxj ^ill [j^ai^l ^liiJ 4 Cljl j^illall ^ Sjj^^l liSj : (jLaJill 

^^\^ (6800 mg j^) (.j^j^aVl ^jjK 100 mg/kg ^1 1^ 

liaS jSa 4AiL^I ^ U .[^IcjUiL. 4 iPcL 5.2 8.5 o- 

vLu.Vl ^Ij .(.jii^Vl AjjjK JjliS AjliUl ^ NH3 NH; -11 

^jJaj t-la-l jl (Jj I nr- j_jjki3j-<ill s-VjA ^j-iaij J t ^ C(j^j-a]' lSJ^' Jji^^il 

^ n I n'l ^ia.^ IjL^j J2 ^i^Lj ^j^'u .-ijj (Jl IniiiV jUadjVI ^^^Ic ^^LojjI 

siA Jl IjL^j jjill ^ jJI Ji^ 0^ '1978 ^ .t^jKll j_^l (> Aj^l^jJI aI^ jJI 

^u.-.jl CjIj^ jjiJl liA UicUiiij J^^^j^ 42000 CjLiV jlt <k jJl 
J 400000^1 ti>i s>« ^Lj^j ,1991 JjLh o^^" 200000 

j<«il Jjiaj tUioui (^ill ^Lill 4jJUII t-ljaJI .iaJ La aJI J- Jja. jj! ^J-> . .2001 (>lc- 

j^liLall jUjJVI (> t^flhirti ejUjll j1 Vj t^^^jJajJI liljl J J.:c aAjtj ^^ La^joi ^jl 

jji^aall ^W^' Si^^j/Jl I juii Jj! iaj ^ill ;_5jSjyiill (j^ajAJ (jjjlj-£i.all ^.iaJ 

Jj <^ "^j '1978 ^It ^ OUlilll t -Tu .iVi ^ .AjIjuII jLj.ijl >i>llj 

^^^jja^)*] <aJSj]|j (jLoVI <jjljiall 4Jl*i3l AjIcjII Ji^jil 6.11.^ *— ji^^j l3^' J= 

4jK3I (jV '(^s^ ^j,aijja <J ^jSj (j! (jS-oJ ^^>fill jjt Cii^.^3Uij 

J . Jl£]| jJialLj Jbjj *i (jjiLllall (jjc._>jla]l .i.ic. J 4|jjliKll (Jaxj ^ jij (j! tj£«J oAi.! jll 

50000 c> S:i=^l cjLV jll J jLLuiVl 4^ ojU.iinil ,2002 aA^ 

JiaJI JjaJljJI (j<4 Alall J 25 AjjouI AjLaC f-\j^y Ajlajoi jll jUaiiVI e.l« 4(jijj-<i 

(_^_jKl| j_j^| Jj.ijll J .[3] Lijj 314j 107 L« o!^' 

AjJajUll JjI _^I J j><i <j.^akj <ll jjc Ijja jj4 ^^tA^ J ' jA 
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^ (jjjjSjA jj^jjll ^JJJJ AjfkSlI Laj^Aa jilxJ . ^_^LLaj£]l (_jJc. Jiliai] AjKll 

4j*jj]all AjKJI j>i (J£ ^ ^jKII JioiC. aJ] jA j to j jijll 1 t.^i 4jiiir.Vl JJC (Jiiijll 

1 ty^\ As^ju^A «.lijaJI i_sU]Vl (> 20000-10000 jjj 



U^lj^ AjjLi^)jji Ajiijj Sba (jlaj^)-a31 JcLui 1^ (JS ClilcLui 5~3 




: Jl..-iflll -t^l (JiuiiJ ftUja. 

National Kidney and Urologic 
Diseases Information 
Clearinghouse, "Treatment methods 
for kidney failure; Hemodialysis," 
National Institute of Diabetes and 
Digestive and Kidney Diseases, 
National Institutes of Health. 
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(JauiC. AjjLi^l AjAijjII 

Kidney Dialysis Foundation, 
"Dialysis: Related Care." 

0^ Lie. jfuji CjI^ J' ' _ '-^ J (Jj I iiT 11 ^1 ^1 \ j^j J - ■ ■■■^ ^1 eAutj ^ 

5iaLiaj lillij 4Lia.lj^ AjjU^ 'kjAijj eUs (jiaJj-aJl IcXjji tej-o tlilcLui 5~3 

^cjJaJ ^aJ .J^t -^JJ^' CS^ jjSlall ojjVI JU.i t5^j <2U^j tot US JjuiC. 

Jj£ jliJI J AJjjII (Jjja jjx) j?^' ujj^' ^ f-^' (J^' '"'^ J*^' 1 i'^i 

^\ L^iUJIj cjLnjjjJU iiiaJij t<_iijUVl oU-^ JJJ-^W ( CI"— 51 J Na""— 51 cihjj 

JjiiitII JjLji ^ LjyVl (jjJaij itllllijaJI e^A Jiiijl ji^J^' C-*"^ 

j1 Ljjlaj '^'^ 4 1 .-iK'ni^^ JjI (_gJc. t^jiaj t,?*^' ^'-^^^ L>° J jA j ^(dialysate) 

• 7.8 J 7 (jjj La Ajs 2 , W jj^alc. ^^jLujjj t^JI ^ L-ijc.j^\ (jc. !iLJa (Jaj 

jj ^^jfli ^"ill IIa ^JJJ . (jj 1 11^1 t"i <i jjjALajlj tUjaJI i_aLilVl f-^'j Jj ' "'^ (JjUj (_J^>aJj 

Jl Jj 44iljia5l si^j .4jcUjl^I 4j5^1 ^..Jl JlSijVI jnnill j-aJ jjni'sU'lfllt (jJjUi5l 

iiUaJlj .(2.i-l7 Jj-l?JI) (JjLa, i_lAjj3 ^^1 Qji (_ljC.jJl JJC. AjJajUll jl 

1 ajl^nl Jj I IIT 11 JjLu IjjJ 120 4:^.1:^. 4^ . jjjLdll jjjj dULk^l JjLjj J^st-aJ 

LaL&j ^ ^ J j"' (j^^ V t^^l 'U^H^Wj^^ jl I II «i lI'^^ La.ljc lijiaj ^.lll ^^ijxJj .^1 j ^jlaJ^ 

.1 mg/dL 44n,;!nll USllj ^ 

(meq/L) jjSjiJI (iijji (g/L) JjSjjII 
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132 Na+ 5.8 NaCl 

2.0 K+ 4.5 NaHCOs 

105 Cr 0.15 KCl 
33 HCOJ 0.18 CaCli 
2.5 Ca^+ 0.15 MgCli 
1.5 Mg^^ 2,0 QH12O6 

Cooney DO, Biomedical Engineering Principles: An rj- Jj^^' * 
Introduction to Fluid, Heat, and Mass Transport Processes, New York, 
Marcel Dekker, 1976. 

^ 2L£l^VI A^jlLill >ju.n 20 J/min lAjl.iLa AiLL Jjio^ *Lu1 

^ aJ^I (>aJJ^' t> f-^' i^J^ AiuJaJI Aiiii jjl t_LaJ (J.a»JI Jjla jA L« .t^JjUVl 

.300 mL/min Jji-iiJI 4JI jjc ^JajS J:i«-a i^J^j -o^j^l -^1^ -iJjjJIj 

^XaaJj . 1 

(jiajjJl jj.a ^.lll t^ij^ AijJaJI jl L_taj ^ill Jxixll jl.^ L-bota.! (1) 

.7.Cj7 J^l A4f» A^ jJiiJI (t-j) 

.aJVI l^jT^n^J AiLuiJI jjAila Aia^ AjSjaJI j <L<illll jijaLyi Cjl^yij • 

. jLLaVl AjjLoiLo UJJjUI La^ 0^.1 j ^ji^ J J (J^-^ ^ jiaiall Aa) • 
-sfl<'.^S/l jjc Atji.^ (_^L 4-0 jJilall ^ AiUall ^UjlIo J > Jni's .1?. JJ V • 

.1.056 g/mL J-l^l • 

.2 mmHg tj jL-j (JjiIsJI [^■^jji' • 

.100 mmHg c^jI-JJ ^^Ll^l iaiuJall • 
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.mmHg 4mL tmin J J/«la,l • 




'"blood = Pbiood^biood = — : — =316.8^ 

V mL ^l^ min J min 

vLu^ .3 

Jjnir. Ail AiuJa^ AjjbJ (j1 (_^i3l J^l Jjlo LLsUjaI j^J" : iliV jUi-all (1) 

:8-l 1.6 aSLUI Ai:>L«-a JLaloil UjlxJ Ii3 J 

m(g/^,-g^) + m(|v/-^v;) + ^(P,-P.) + Xw,,,ft-X/=0 

^1 SJjUlJI ^ LaAlla. ^.lajj lil tAia^ AjSjaJI j AialUl jAjaUaJl Cjl^yij • 

= -^(Pa-Pv) + ZW^-Z/.m.,=0 

Pblood 
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Aiiij jjl i-iJaJ (_^i3l (J-aaJI <Aia gJli 3-0 jljtxJl (jijjju j ^Jjlsi-aJl ^-liijp sjlcL 



pump / J tubin 

316.8 



-(^A-^v) 



20 



1^111 (100mmHg-2mmHg) 
J ^ 



101325 



m 



760 mmHg 
J 



lOOcm 



16 



^ AjJ^jll ^"'1^ J" ^ jjA-saill 4jaJl*^ (jj^tiiJ (jJ^I ^ I't^^yil) J' l_j jjoi 

U s^L^ 945000j sjL^ (_>:=j^ jjA. 1.3 J\ 2030 ^l^ 

Ajij-all AjjA jlfijj ^l;;j .[2] oA^J-all dLiV j31 (jlaJ^ UJ-^ 2.2 Ac j--^ - 

liA J iU^I>. t> (jV jj jUL 22.8) aUI 6.4 ^ ^^UJI 

(j-aaill ' ^ti<o (JjJas! jA ^.lll (Jj i nr. jjl ■ ^ .<lui .iLlJjVI j n\ i n « 

I ri'lW ijj^ aJVI pl.il ^jjiii^'lil -^^^ t5^J (J>^ji^ nil ^^^Jc 
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Jaill (jJ^ J JaijJa JiUaJl 4jxaV1 JjLjJI ^ijhn jii«J : JJIjajjJI J^ij .1 

Llajl A^j .Iai^ 1 fiS'kt's \ ^ nj^t'l i—ta^ lilj ^_^jJaj^l aJLuIoiI AjLi aJVI djUjLa 

Ac^jjoijj 3J^) ujjjUI ^Jalla jjjajjx |J£ ^J^^ j'.liJJ I Jj| yallS (JSJj .3 

Ail l^jaui Jj ^\ JjIjjJIj CjUj^ j^I ji£ (jc (jiajjajll ujaj :illU^j^l (>ajJ«J .6 

(jSa. 'J^l iSa^ .(aldosterone) jjjjioijjift/l diUj^j^l liSli jj-oj ^JjiJouJI 
J Ac jjoLi Aioij Jj^l (jjjjlc-j^l J iLuu^ (erythropoietin) jiLjjjjjjjjVlj (>ajj-3l 
^^1 jaa (^.ijjj jjr ■ i^V A^llall |>:Jl LpU. Jlii La I^Aj tjiii 

.AjS jaJl Jil£j3 AjJajC 4W-%' Aj^ aJI jjj 4 JjSjll 

^1 l^li'jS-a La! iLj-ac JLa«iaiVI S:iLiy aJjIs JjjoJJI aJI ijijSjuJl J Cijtiaiil oakall .8 

J^VI I ^ ■ '■— • ; Lai t (Jj I iiT 11 (JjUji J (AjLutHjoil ^Llj V J u^Ji CASj$ual\ b '^ U 'J -sA^ 

^jLui-a (J^^ La Llll& Ajl J^ j^ L.ja 

Aj^Ij (jJdJjllj t_llallj (jtllK]l J i^ujiaJI f.Ljaci jji^aS] ^ jLall jUiojVI I^A jjj 

Loajsi-a jLlJjl -SJ^-aJl Ltyji^^ ^jjinVl); n\\ Clll jlij ^LaJAl > _ \\Wu iL^jJC. j (_)jiLlj£ijll j 

^1 ia J- . uti OLilij jISjjI ^1 jj^yi IjJt cllaLati.i tLjacl jUi-j (3^' 

.U jLacI aJLLIj lliLla. 
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^1 UJaj -I f jaJI 

iJiC iiUaJI Ajjik\ (jiabj t^jKll i_ajUi j (jii-aa. jSil (^) l.i^ 

<C.^)jaiJ sLaHj ^ "(jj''-'^ -^jjj <Jj (j^^^^^ ijjjoialjj-o (jjjl^ (jl (_pajaal .o.l^.a-<ill AjjJalj^l 

^jLuij pLa L_l^)juj ^ji^J ^t^y°' ^ S-^^)*^ 1-ftA.l^l ^ji^J 

JJC. t^j-a]l jJaS 1 "ti .^1 J t(_3Ji ^i1«ll JJC. p(_5j<ali 3JL^ (_g j)i .-i<ll (_J^>»2ill SAa 4JV Aj 

^ 1^ niVi (JjLuiU 'LjaiJl (j! (jiajpal .(jJjJaiLall f.;_^^yA\ ■ "g- ^'j 'tjj' 

AIaII 10 J (Jil »(_5^>^l t "air-i'l (jl J t(JJi 'n'\n\\ JJC.J (jji h'lnll »(_5^)a3I ^"lll ^ 
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.AjjUa ^IjaV cjj^ S-"*^ (jiicLii . 0.1mL/(m^ -min) L&«-4j jj^ l3J^ 

«.! j^l ojlj^ ^J-^ J^J^ ^ '^y*^ flni-^ 1^ Jj'-^l (jl (_paljj2lj 

1 i jjM J Ailj^l I^jLo! ijajI <^Lil<i <jjljjja J ^'.1 . ; 0 j^lj «-L<JI ■ "'■^""'jj 

^jjjI (jiuia s-Lall La! J 4 J jjll sjXa o j^U :4jKll <il]a J ^ jjjtj^l ^J^^ (>» ^^"'"^J 

.(^jj^ lii^im'^ ij-flil. :3.ii7 Jj-laJI 









100 


A^j! 24 


*u 


20 


(.1 jDjLS 0.5 




100 


CjU^ J 8 




100 







tjj^ Ailik-o dU^^ .Ajlill 1 ^ '> . n jj lillj Jiaj ^1 

U' -(f-^' ts%i) C^-« j' (C-5->^' J^' cJ^-^) C"J^ UJ^I 

.CjU^l i> jjt jiJl .iiii^V 

Jllall) GFR ^taJjJj cf-lx-a (^^J^ '■i^j^ 3* l-H^ -J^V J ^ J (^) 7.(^7 

jaa. i_aajj 4Sj£ijaL<J) aIVsJi J_jj-oj3I .^^I jliiili^ 100 (»ljc- 0.1 
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•0.08 g/mL jLoij jJ jiiVl Jj^jj -i^^ Jj^' (>■ Ul'bb" 180 ,»-a=4 

.4jjj_^}iia lA.laJ i_SJ^^^ till jjiiall j (^.a^^l (Jj^^l ^T^t j ^ JJ.'^^I ^^JJ^JJ L&3<-oj 

^grj^' OS^jjiV ji^J^ LijLuui jjljliVI CjUjc jjSji ^jJa^j Jt^^ ^J^{'^ 
(jjjjjyl JyS JJ j^jILo LljLiia (jJjjjVI '.^IjjC. jjS JJ ^^-iajoij U^J 

^ja. 4jK <.lja.l jja.j .j^LJI jiiJI J^iLk UuLi 4j3^I JL^uioil ^z^\ (liJ) 8.i1j7 

Sa^ll ^ 75 <JJJ^I ^^JJ AjSjlall <jK1I Aj jj 4 (j-a j- ■-■^^1 Aj^j ^^^C j 

jj£jj ^jlaiajj (_jJ^ j^jjJaSjj oAaII JAa. . ^^-^(jnjKll ^ii .-iVl 4jJj£ll ^JjijJ (Jia-a 



OjjijJI -II f jaJI 

.(jjjiill jjc l(j''iT_il""i<i jajj <LujjjJl 4jjLl4J^I (JjUjS^l i_ijjtjj 4^i_jAjll liU^ Ai.laal 
(jAjJajj (jjjajll 1 1-1 1-1 ■'x^ ^jl 3jaijjj31 4Jcli31 S.la.jll (jjjsjll (f) 9- 1-1? 

jj£-aJ i^illa 10~6 (_jlc jiaJ oJ-iala jlalaj jjjijll ^laJ lO-"^? 
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JS ^jSJCi (j£la-o L_Luia.l J iCjIoa. j31 jjj La ^isjlall Cjl jUil] U^Li/i 1 l-il-i-^ n ^jl 1 1 .dl? 

nil J • Ajilia J CjULlJ ^-a^ ^1 ^liaJ jS) jLii 

4 jjjiill giUj ^1 cjU^ t> ^LuLjjj ^jjLuuS CjU^ 10-8 jSil (lil) 12. ill? 

AAi^jiaj liSjljUj .^IjjLs (jj^ (jt J I 111 ^ (JLastluiV jj^Aij . ClLiLa-all j < _ n^lt jj-o 

.!i\!L<i (Jj-^ (J^ji (_jAc. S^^j^aia^ 

(jjUa 12.i-i7 <uljnj'sll cLiLjjLall i iju^i'i Ja (dl) 13.t-i7 

4-2 (>a ^ijAj ujl^j 10-6 U^i^ic. ^yi ^jj^l olji^j ^ii?- (i^) 14. ill? 

«. _yLla AjjS^I La iJl^J 'l.S:!3 J' <jjL0.ij^l Aiili oA^ j (J£ j j 

j»iJI Jiwfr ^Tj o^al>»i -III f jaJI 

liA o- n ^jillj .JjJI J.>Ui Jij Jij (pH<7.41) 

ejjU-all jLiii.1 ^LuiJj .(_5jjVl CjUjj CjUjj! (j-aL^alol ojlc] (j^likjlj 

djLj JJJ^ (_^l-iTJ ^jJjjVl (jlaLokJI t>» II ^ jjil (_jlc. tllLjjjjSjjil 4j.aa.:aJI 

cjU jjS jp s.iUj] jjjjll J ^1 jjjia j> (j^riuill ^1 ( NaHCOj ) ^.jjj 

CjljjjS/ ^ jllj (J-aC. CjLj _jJj£jJI ij-axj tjjjllxjjja (j.saijji]l tilK dljlS IjJ ^ 

.AjS dlUjJjSjJl jjSjpj ^.Jl AjL^a j.a^ (J.alc. 
e^jiili* .(_^jK3l ^^jjjjVl (jiLo^U (jjjSj (j^l^jtl AjSLuS '-^^"^ - (jl ja. (Ja.jLi 
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(j! J t7.0 jLi^ 4jJa_j.aa. (J-olc. jjl jLitkVl J^JaJj .l^jjj 4jJa_j,a^ t,?^^ 

l^fj S jjj 150 C^jL^ U'j^ Ujj u' J^' -8.5 cSjL-uJ J_jJI <jJaj^ (Jalc. 

^ \ jjJ 1.5-1 "^JJ ^ jl=J 

jJl A^jJl Ajjlja-j (^jKll ^^JJjjVl (>aLAJI j> II ^jjJl o^ljc! (!) 

(j! J t^^jKll gJjJjjVl t>aL»aJI j> II 4jL^ jjc. L^I (J^ljisW '("7-41) 

. JjJI ^ CjU ^jliJl 0.014meq/min 

r-\y\ J j»J 4jJa_j/aa. (J^lc. e^ljjl fj--^^ ^jj^^j i .-ill CjUjJjSjj jl^iLa .lA^ (Cj) 

L, ^ Uj .^jK3l o^L^l c> II ^jilU l^f jiaU .(7.41) 

(>» 0.48 meq/min oaL^I jiUia t(j/n»ji^ll (jiiiKll (j^-i-^uill oaa^ 

. J_^l ^ Cilj jjjliJI (> 0.48 meq/min ^ jlaja tt^jKll ^^^Vl 

?4jjla]| lllljjiijJI 6.1ja. (■— ')j (v) <ij>«^ nW ^\ (_L£(dj) 




^ J j 1 nit I I (JjLjj ^.JI 



jjS j5 i_L^ 2LiiVI y^UJIj c(8.cj7 Ji^l) oA^' df-^ A^j^ (d) 16.^,7 
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V g J tAjcli^l ^jK31 ^ J^Lull ^sJajj 4ja.Laui A j i^Jtli^l JJC. jjluLijiil 

^jjjjjLijS]! jjSjj] aJjIx^j c (jjjjjlj ■aJjS (jSJj J-ix^l sjJxILa aJjIx^ 
Jail jLoJ iUjSi (J^ CjljjiaJl AiLjal . 1 0 Hlg /dL jLiiJ ^■^\ jjjjjLij^ 

Jj J jiujUj^l jjSji Jj-^aj Ja. JUl Jjnir. Jjir nn jn'mj (liS) 17. 

?LijI^ jjiuLijill J jjj .^i V liLJ . Img/dL 



(CB.-Coi)-(C3.,-C„J 



(Cb,-Co.) 



JjSjj jA Cq; J tJjuiiJI a1\ J ^Jl j>i AJIjJI jjjjjLljSlI AJjS J!ia-<i jA W jjj llLia. 
J jjjiiLijlll jjSji jA Cjjp J t JjiiiiJI Ail Jj (Ja.UI JjioiiJI JjLui jLij J jjjjjLijSlI 

(JjLui J (jjjjjLl jjS JJ > 1iii»>t 1 1 6 • 1^7 aJI I II nil J Ajjiii^ nil i^LiLajlu-all (JLaaiaiLj 
CjjQ J >— ll^yij ^j'l't in ^ JJijilj 4l8.<-ll7 AjLuLall ^tij Jc ljLiic.1 (lil) 19. 



^^Ij a8.<:j7 aJLiJI ^lii Jc bUcl (.il) 20. 
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.ijell^ 5alS 5J1 objL. :4.o7 JjJaJl 





Cobe 3 Jl> ;jjS>»Jl 


AiflJl ^ JuSIl. 300-200 




iiijaJ ^ JuLL 500 


(Jj. 11*11 (JjLu) (Jajj S^jui 




Toray Jl Ja 4acU*aS AjSiil 


11000 




UjjSx. 225 




jlo 2. 1 


^ In Hill A:^l_wi-a 


jiajjiui 13.5 








J4 0.5 


(Jj I HIT 11 JjLui (-J jjjl 


J4 0.375 





38 C A^jkll sjl^)a. ■^^J.i (JauulII (JjLui i n\\ ^_}s^^yel] <Jjljj i n"l 4-<ijln'l<i 

JjUaII jjc ejjJ<o (jJ^ (J-aaiuLall jjc. JjLJl sjlj^ ^J'^ .^bjp .(9.<.li7 (JSjill^ 

Jii. (J«ir"u.i«ll JJC. (JjLoJl (jijJJ cj'-^^ L>* II •<ia.j/a]l l_il!jLjj A ^ mil ojl j^l 

(_5jUjij ojIj^ Aj^j^ ^J^J^\ (jx ^.lll .(lUj^l L-iijlj'VI (Jclia (Jjj 38 °C 

UiUVl JtU.« U . 36.5 °C c> V s J o^,j^\ J\ -^^W s^j ' 37 °C 

^^ S jjja. 1000 JMJj Jj>-» JJC 4*UjaJI 
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5-0 jliia :9.i:j7 (J^l 
.38°C^ 



jka Jw. cjVT UU Sja jjc cjll j L, AjKU UiSUij jSil (^) 24.cj7 

?La^ ^i^^'lll (jjLlaJI (jjjjilLaJI (jJ.^ i^l<^J<^.^''l ^ (Jjiiiill 
JjT ni'llt <-_ljlj^ L« ?^^->v.nll i—ijj^t i^J^ dLijJaall JjLui jl^x^lj 
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a Acceleration [ Lt"^ ] 

A Area and cross- sectional area [ l3 ] 

C Mass concentration [ L"'M ] 

C Molar concentration [ L"^N ] 

C Capacitance [L^^M 't^'T^] 

C„ Initial mass concentration [ L"^M ] 

C„ Initial molar concentration [ L"^N ] 

Heat capacity at constant pressure [ L't^^T"' | 

Heat capacity at constant volume [ L^t~^T^' ] 
D Diameter [L] 

Total energy [ L^Mt"^ ] 

Rate of total energy [ L^Mt"^ ] 
Eg Electrical energy [ L^Mt"^ ] 
£g Rate of electrical energy [ L^Mt"' ] 
Eg Kinetic energy [ L^Mt"^ ] 
Eg Rate of kinetic energy [ L^Mt"' ] 
Eg Specific kinetic energy [ L^Mt~^N~' ] 
Ep Potential energy [ L^Mt"^ ] 
Ep Rate of potential energy [ L^Mt"' ] 
Ep Specific potential energy [ L?Mt"^N"' ] 
EMF Equilibrium potential [ L^Mf'T"' ] 
/ Fractional conversion [-] 
/ Frequency [ t ' ] 
/ Rotational frequency [ t~' ] 
/ Frictional losses [ L^Mt"' ] 
F Force [ LMt ' ] 

Resultant force [ LMt"^ ] 
g Acceleration due to gravity [ Lt"^ ] 

Conversion factor for force uruts [ - ] 



ijj ijj^ jfj 
Uiiji^^ aSILSI 

4jS jaJI AiUaSI c&x- 
V jjll AjSjaJI AaUall 

'^\si\ mil 

..Jill 
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^eiec R^t^ electrical energy generated [ L?Mt"^ ] 
h Height [L] 

h Heat transfer coefficient [ Mt"^T"' ] 

H Enthalpy [L'Mt"'] 

H Specific enthalpy [ LM't-'N"' ] 

H Rate of enthalpy [ L^Mt"^ ] 

H Hematocrit [ - ] 

H Henry's law constant [ L't~^ ] 

//„ Molal humidity | - | 

H f, Percent humidity [ - ] 

Hj^ Relative humidity [- ] 

i Current [1] 

i Inlet index [ - ] 

Outlet index [-] 

k Inlet index [ - ] 

k Thermal conductivity [ LMf^T"' ] 

L Angular Momentum [ L^Mt"^ ] 

L Inductance [ L^Mf^I"^ ] 

L Rate of angular momentum [ L^Mt"^ ] 

/ Length [L] 

m Mass [M] 

Mass of constituent A [M] 

m Mass flow rate [ Mt"' ] 

Mass flow rate of constituent A [ Mt ' ] 

M Molecular weight or molar mass [ MN ' ] 
M Average molecular weight [ MN"' ] 

n Number of moles [N] 

Number of moles of constituent A [N] 
li Molar flow rate [ t"'N ] 
p Linear momentum [ LMt"' ] 
p Rate of linear momentum [ LMt~^ ] 
P Power [L'Mt"'] 
P Pressure, vapor pressure [ L"^Mt"^ ] 



jijll »l_>*aJI OLjjSll <j,.iull 
jLuJI 

( ^ i njVili ni l (_>:ajjajll 

A o'jLJi aiis 

4I1SII ijajj Ja»- 
A (jjiJl cJ-^ 

A o'ji^l cjVj- J JO 

jUJI liTin t Ui . nil 
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Partial pressure [ L"'Mt"^ ] 




p' 


Saturated vapor pressure [ L"'Mt"^ ] 


^1 jUJI 1^ 


Po 


Ambient pressure [ L~'Mt~^ ] 


Ui 1 nil 


q 


Charge [tl] 


^1 


4 


Rate of charge [I] 




<i+ 


Positive charge [tl] 




q- 


Negative charge [tl] 




Q 


Heat[L'Mt-'] 




Q 


Rate of heat [L^Mt"'] 




r 


Position vector [L] 




r 


Radius [L] 




R 


Ideal gas constant [ L^Mt"^T"'N"' ] 


^llaJl JUJI CjjIS 


R 


Rate of reaction [ Mt"' ] 




R 


Resistance [ L^Mf'l"^ ] 




Re 


Reynolds number [ - ] 




RQ 


Respiratory quotient [ - ] 






Molal saturation [ - ] 






Percent saturation [-] 


^^JXa]l j^hii'lli ^^mqII 




Relative saturation [ - ] 




SG 


Specific gravity [ - ] 




t 


Time [t] 




to 


Initial time [t] 






Final time |t| 




T 


Period |t| 




T 


Temperature [T] 




U 


Internal energy [ L^Mt"^ ] 




U 


Rate of internal energy [ L'Mt"^ ] 




u 


Specific internal energy [ L^Mt'^N"' ] 




V 


Velocity [ Lt ' ] 




V 


Vohage [ L'Mt^'r' ] 




V 


Volume [ L' ] 




V 


Volumetric flow rate [ L^t"' ] 




V 


Specific volume [L'N"'] 
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W A 


Mass fraction of component A [ - ] 


A (j'jS-is km\ Aiouii 


W 


Weight [LMt"'] 




W 


Work[L^Mt"^] 




W 


Rate of work [L^Mt"'] 


(_UaJI L&x^ 




Rate of electrical energy consumed [L^Mt"' ] 


2<<^',.„^<l .j|;<ti 2iaUaSI c&x^ 




Rate of flow work [ L^Mt"^ ] 






, Rate of shaft work | L'Mt"^ ] 




X 


Direction in space [L] 




^ A 


Mole fraction of component A [ - ] 


A jjiiH Ajl jA\ Xu.nW 


X 


Mean value [depends on system] 


[2u jJiiJi js. ^1 jii 


y 


Direction in space [L] 




z 


Direction in space [L] 




z 


Height above a reference plane [L] 






Fluid viscosity [ L'Mt"' ] 




p 


Density [ L"^M ] 




Pret 


Reference density [ L"'M ] 




o 


Stoichiometric coefficient of a compound [ - ] 




o 


Standard deviation [depends on system] 




E 


Sunmiation [ - ] 




T 


Torque [L'Mt"'] 






Extensive property [depends on system] 




^ 


Rate of extensive property [ 'Ft"' ] 




CO 


Angular velocity [ t~^ ] 
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1 kg = 1000 g = 0.001 metric ton = 2.20462 lb„ = 35.27392 oz 
1 lb„ = 16 oz = 5 X 10^ ton = 453.593 g = 0.453593 kg 




1 m = 100 cm = 1000 mm = 10* microns (p-m) 

= 39.37 in = 3.2808 ft = 1.0936 yd = 0.0006214 mile 
1 ft = 12 in = 1/3 yd = 0.3048 m = 30.48 cm 




1 m^ = 1000 L = 10* cm^ = 10* mL 

= 35.3145 ft^ = 220.83 imperial gallons = 264.17 gal 
= 1056.68 qt 

1 ft^ = 1728 in^ = 7.4805 gal = 0.028317 m^ = 28.317 L 
= 28,317 cm^ 




1 N = 1 kg-m/s^ = 10^ dynes = 10^ g-cm/s^ = 0.22481 Ibf 
1 Ibf = 32.174 lbn,-ft/s^ = 4.4482 N = 4.4482 X 10^ dynes 




1 atm = 1.01325 X 10 N/m (raj — 101.323 kFa — 1.U13Z5 bar 
= 1.01325 X 10* dynes/cm^ 

= 760 mmHg at 0°C (torr) = 10.333 ni H2O at 4°q 
= 14.696 Ibf/in^ (psi) = 33.9 ft H2O at 4°C 
= 29.921 in Hg at 0°C 




1 J = 1 N-m = lO^ei^s = 10^ dyne-cm 
= 2.778 X 10-^ kW-hr = 0.23901 cal 
= 0.7376 ft-lbf = 9.486 X 10"* Btu 




1 W = 1 J/s = 0.23901 cal/s = 0.7376 ft • Ibf /s 
= 9.486 X 10-4 gt^yg ^ 1 ^ IQ-^ hp 





1000 g J 



111 



j^UxII (^jj^l Jj^l :Ci Jalftli 
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II 



^^^^^ 
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hjpA\ CjUL^) JjI^ 



.<«iUJI <jjj=JI cjljj>ll Ajjj>Jl jl jjVl JjAjJt 



(Da) <^>JI uJjil 




18 
135 




{cMJuiJ} 186.21 -(oMjlt) 57.06 






180 




387 




600 






610 




60000 




3000000-5000 




64000 




1.83x10'' 


Akiuu si jj ^ DNA 




1.73 m (5 ft 8 in) 






68 kg (150 lb„,) 






1.7 m' 






37.0 °C 


^^Aii^l e^l^)^ 4.^^.1 




34.2 C 






0.86kcal/(kg°C) 






%12 






((^1 <jjj<>%60) 41.0 L 






72kcal/hr ji 40kcal/(m' -hr) 






5L 






5L/min 






120/80 mmHg 






65 beats/min 


jll ^ ^jiuj Jj».o 











Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, New York, Marcel Dekker, 1976. 

Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 2000 
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6.0 L 


2 .Ktl 


4.2 L 




6.0 L/min 




4.2 L/min 




500 mL 




150 mL 




12 breaths/min 


J iiS'lMI JJjJ 


75 mL 




284 mL/min 




227 mL/min 




0.80 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and 
Mass Transport Processes, New York, Marcel Dekker, 1976. 







(g)4iiS]l 




150 






41400 


*U 


112 






12600 




85 






12600 




63 






II 60 


- j.,„K 


860 






670 










300 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 



(mL) <.U]1 


(mL) JjUUI >U1 


1400 Jjj 
350 ^1 a- J— Ji^ 

350 UJJJJ^' Ji^ JJC. >Ul 

200 ijj^ 
200 Jl jJI ^L. 

2500 ty^^ 


1200 *U 

1000 (.uyi ^ »u. 

300 SA-iVl (> »U 
2500 ^,^1 



Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 
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5L 


^1 




1.056 g/cm' 






7.41 


pH <^ >«=JI cUU 






CjLi j£ 4,1,111 aic 4:^. J jlll 




3 0 cP 


\J' ^ ) 4 J* j; H pi ^>A^ 
















0.47 






0.42 






/ o mi-// Kg 






□ 3 L 


^1 




7.5 -7.3 


pH <^ j)<i^\\ lUU 




1.2 cP 


( 37 °C ) A^jjlll 




1.0239 g/cm^ 






□ 2L 


j^l 




1.098 g/cm' 












(^1 J\ 5.4x10' (mL)"' 






(,^1 ajx«:1Li) 4.8x10' (mL)"' 






87 (xm' 






8.4 |im 






(eljA^I tiiUjlll 4-ualli) 0.335 g/mL 






( JSll 4j.^Ij) 7.4x10*" (mL)"' 






7-20 \xm 






(^1 A^l)) 2.8x10' (mL)"' 






2-5 p,m 






0.195 mL OjmL blood 






0.492 mLOjmL blood 




jjjjjaJI I nil J Sj jaJI Aa.jJ 


0.145 mLOjmL blood 




(37°C, latm) 


0.532 mL 0,/mL blood 


c^^Jjil CO, 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 
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(mL) i=^l 


AjAuiaJI Ajj^jII SjjJJI 


(mL) 


AJJJjII <3JA^\ SjjJII 


100 




400 




450 


WJI A^jiu^l ci^bUj^ 


60 


4jjjjll (Jjljjiaill 


300 




140 




200 




700 




2050 








3100 




1300 








250 












550 









A JA 5.2 S 178 J jJoJl .^JS 63 jjjll 30 Jial * 



Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 



(mL/min) (jajj Jja-a 




700 




150 




150 




1100 




1350 




1050 




300 




750 




250 




300 




50 




25 




175 




5000 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 

. JU.jJI cS-^ AiixiiaJI SJJ.JI :9.k^ Jj-i^^l 





(cm/s) (.jII Ac jjo, 


(cm) Ji=is& 




5800-3600 


63 


3.2-2.0 
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1500-1200 


27 


2.0-1.6 




850-110 


50-20 


0.6-0.2 




0.003-0.0007 


0.1-0.05 


0.001-0.0005 




570-210 


20-15 


1.0-0.5 




900-630 


16-11 


2.0 





Cooney DO, Biomedical Engineering Principles: An Introduction to Fluid, Heat, and Mass 
Transport Processes, New York, Marcel Dekker, 1976. 

.'^k\'^^ A ^V^\ oUa :10.iij JjJaJ) 











0.94 


1.96 


0.81 




0.75 


1.39 


0.81 


^1 JSl CO, ^1 j4 jjo 


0.80 


0.71 


1.00 




4.5 


9.3 


4.1 





Cooney DO, Biomedical Engineering Principles: An :(> tj4^ Jj-^' * 
Introduction to Fluid, Heat, and Mass Transport Processes, New York, 
Marcel Dekker, 1976. 











* mOsm/L H^O 


mOsm/L H^O 


mOsm/L H^O 




14 


139 


142 


Na^ 


140 


4.0 


4.2 






1.2 


1.3 




20 


0.7 


0.8 




4 


108 


108 


cr 


10 


28.3 


24 


HCO" 


11 


2 


2 


H^PO", HPOf 


1 


0.5 


0.5 


sof 


45 








14 








8 


2 


2 




9 


0.2 


0.2 




1.5 


1.2 


1.2 


(cm ) cjtiSV 


5 








3.7 










5.6 


5.6 





778 



4 


0.2 


1.2 




4 


4 


4 




10 


3.9 


4.8 




301.2 


300.8 


301.8 












(mmHg) 


(mmHg) 


(mmHg) 




20 


- 


35 




50 




46 


'Pco, 


5423 


5423 


5443 


(37°C)<^l^^lii3IJai^l 










7.0 


7.35 


7.4 





.(jj>. jjc. Jjk-» (> j.1 Jill I jjia ^^Sj?' jjj Ja-ljll Osmol J>«JjVl « 



Guyton AC and Hall JE, Textbook of medical Physiology, Philadelphia: Saunders, 2000. 
Cooney DO, Biomedical Engineering Principles: An Introduction to :(> CjULuII | 

Fluid, Heat, and Mass Transport Processes, New York, Marcel Dekker, 1976. 









LjSlj 1 j^L^ cJj^ O^-^ L>-* A^jJa • 


(cell membrane) AjkJI »Lic. 








(cytoplasm) AjjkJI UjiUll 








(nucleus) iljill 


AjliJI Cjliu jjj (j-ajL-ai. jIsu j DNA _JI jJaJ • 




CjULijIIj (RNA) U jJI uiiS jjj (.jSj • 


(nucleolus) ajj^II 


CiLuiliijll 1 (i 7>'i"n CillujjJI (Jiuj 1 iU'i • 


Ajjui^l (JjLolll A_iMlC-l A^JjuJ 




(granular endoplasmic 




reticulum) 




^LaC-Lill ^^jiiJI (JjLoill A UMC-i A^jjjj 




(agranular endoplasmic 




reticulum) 


Ciliujjjll ^j.-a (j^^ • 


(ribosome) CjLa.Uijll 
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AiiiJI (^jliJI JjLJI Ajjici 

ClI jjtJI i-Llijj (Jj^j jji. 4^ Ja*j • 
AjkJI (>ui Jajll i^J^ ^- . < . <\«\ \ • 

Ciliujjjllj (jjA^L 
Ijja (-J jCjaII jjC. ycl\j -1 - t-ti till . .i-s j Siltill AJjLiJl 

■ i^K-.M tiLilclij jjiaj] tllLojjj] ^_ylc. • 



(Golgi apparatus) ^^jc. jlj^ 

(lysosomes) AiUJI dUiaiaJI 

(peroxismes) CjU^joou^jjjjII 
(mitochondria) AjkiiJI <-i^jjj=>JI 

(microfilaments) Jjljall 

(microtubules) AjjjSjaII CjUjau^I 



(centrioles) iJjVjjjiiaJI 

ilia and ) v^UVI 
(flagella 





\pLaA\ e-\JmJj) ^Jjll OUjiill L;!iU tjjSjj 


%70 




%18 




%3 




%3 




%2 




%2 




%1 




%1.1 




%0.25 


DNA 




:aJ=JI eLiiJ sjjS jiill 


%55 




%25 
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%13 




%4 




%3 




7.5-10 nm 


(JU^) AjLkJI sUiC. 4£Uj-o 


10-20 \im 




4x10"' cm^ 


i n liJ^ AjiaJl ~^ ^ 


(UjJ 23) 46 




2.4x10"'" cm' 




10000 




0.18 ng 




0.0025 ng 




500-100000 





Alberts B, Johnson A, Lewis J et al., Molecular Biology of :<> CjULJI * 
r/ie Ce//, 4* ed., New York: Garland Science, 2002. 



ujJ-150 




jj 3000 




(T iA) 4 




c.ljLiL3 


^ij jAjll i= jjx?JI ^ Jcl jil JJo 


25000 -20000 




%10 




20000-10000 





Alberts B, Johnson A, Lewis J et al., Molecular Biology of the Cell, 4* :t> tijUUJI * 

ed.. New York: Garland Science, 2002. 

Casey D., DOE Human Genom Program: Primer on Molecular ijAuaAil ■)■ 

http://www.ornl.gov/sci/ techresources Genetics, U.S. Department of Energy. June 1992. 
(accessed Aug 7, 2005)/human_Genome/pubUcat/primer.pdf 

"How many genes are in the human genome?" Human Genome : jAi^I a 

http://www.oml.gov/sci/techresources/Human_Genome/faq/ProjectInformation, 

genenumber.shtml (last modified Oct 27, 2004; accessed Aug 7, 2005. 

SzaUasi Z., "Genetic network Analysis: From the bench to computers and :ji*^l v 

back," 2°^ International Conference on Systems Biology, Nov 4, 2001. 

http://www.chip.org/people/zszallasi/ICSB2001+Tutorial.pdf (accessed Aug 7, 2005) 
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d XlO 


cXlO 




a 








1200-0 


34.76 


-12.78 


20.10 


71.96 


°c 


t 




1500-0 


-1.965 


0.3191 


0.4147 


28.94 


°c 


i 




1800-273 


-1.965 


0.4799 


0.1965 


28.09 


K 


t 




1200-0 


-6.686 


0.4421 


2.954 


35.15 


°c 


i 


(j.Li) -^J, 


373-276 








89.5 


K 






1500-0 


7.464 


-2.887 


4.233 


36.11 


°c 


t 




0 








103.1 


°c 






100 








158.8 


°c 






1200-0 


19.83 


-8.749 


15.72 


61.34 


°c 


t 




1200-0 


-8.694 


0.000 


4.268 


34.28 


°c 


i 




1500-0 


-0.8698 


0.3288 


0.00765 


28.84 


°c 


i 




1200-0 


-4.335 


0.9715 


-0.1341 


29.13 


°c 


i 




1500-0 


-3.292 


0.3012 


1.547 


33.51 


°c 


i 




1200-0 


-11.00 


0.3661 


5.469 


34.31 


°c 


i 




1500-273 


-11.00 


1.268 


5.021 


19.87 


K 


i 




















40 








82.59 


°c 






700-0 


-8.03 


-1.87 


8.301 


42.93 


°c 


i 




25 








110.0 


°c 






1500-0 


-2.871 


0.5723 


0.2199 


29.00 


°c 


i 




1500-0 


1.311 


-0.6076 


1.158 


29.10 


°c 


t 




















368-273 






2.68 


15.2 


K 






392-368 






1.84 


18.3 


K 




(J^l ^.u ) 


45-10 






15.59 


139.1 


°c 






1500-0 


8.606 


-3.104 


3.904 


38.91 


°c 


t 




100-0 








75.4 


°c 






1500-0 


-3.593 


0.7604 


0.6880 


33.46 


°c 


t 





Felder RM and Rousseau RW, Elementary Principles of Chemical Processes. New York: 
John Wiley & Sons, 1978. 

Doran PM, Bioprocess Engineering Principles, London: Academic Press, 1995. 

C ^ ij/iraol.'C) ^a+bT +cT^+dT' :Jli. 
: 1200° C jO'C on O-^Vl ^ 
(j/(mol.°C) = 71.96+ (20.10xl0-')r -(12.78xl0-')r' + (34.76xl0-')r' 

^ (jjia L. Usj K (jilSlU S jJL. S J jaJI jJ jjSj jt ,^^j-aiiSj CjVjU^I d -^"^ .°C—)T jJiJ lilla. 
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(j/mol.°C) 






"Csjj^l 


H^O 


CO, 


H, 


N2 


0^ 




33.48 


35.96 


28.61 


29.12 


29.24 


29.06 


0 


33.51 


36.43 


28.69 


29.12 


29.28 


29.07 


18 


33.52 


36.47 


28.72 


29.12 


29.30 


29.07 


25 


33.73 


38.17 


28.98 


29.14 


29.53 


29.14 


100 


34.10 


40.12 


29.10 


29.23 


29.93 


29.29 


200 


34.54 


41.85 


29.15 


29.38 


30.44 


29.51 


300 


35.05 


43.35 


29.22 


29.60 


30.88 


29.78 


400 


35.59 


44.69 


29.28 


29.87 


31.33 


30.08 


500 



Himmelblau DM, Basic Principles and Calculations in Chemical Engineering, :(> CjbUJI 
3'" ed., Englewood Cliffs, NJ: Prentice Hall, 1974. 



Doran PM, Bioprocess Engineering Principles, London: Academic Press, :<> 
1995. 

.P„, =latm .r^f =0°C :i*».>^ ^1 



(cal/g.°C) 


SjljaJI 

(X) 






0.522 


95-26 


CjH.O, 




0.514 


22.6-3 


CjH.O 




0.506 


0 






0.538 


49.4-24.2 






0.541 


76-21 


C2H3N 




0.428 


172-22 


C,H,0 




0.526 


2.3 


C,H,„0 


^Uij Jj=^ 


0.563 


19.2 






0.687 


115-21 






0.582 


30 






0.444 


0 


C4H3O2 




0.501 


40 






0.515 


100-20 






0.198 


0 


CCI4 




0.201 


20 
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0.200 


30 






0.232 


0 


CHCI3 




0.226 


15 






0.234 


30 






0.497 


20-0 


C^HgO 


(0-) JjJjjS 


0.551 


197-21 


C^HgO 




0.477 


20-0 






0.349 


106-21 


CjH^CljOj 


(JiJI jjlS (^1^ oVti** 


0.348 


196-21 






0.516 


22.5 


C,H,,N 


0^ JAl! 


0.431 


20 


C7H12O4 


clj jlUI J^jI (^Iju 


0.431 


20 






0.450 


20 






0.431 


20 






0.431 


20 






0.450 


20 


C10H18O4 




0.680 


98-0 


CjH.O 




0.525 


-5 


C4H10O 


Ji 


0.521 


0 






0.545 


30 






0.687 


80 






0.800 


120 






0.819 


140 






1.037 


180 






0.457 


20 


C4H3O, 




0.476 


20 






0.535 


-11.1 






0.542 


0 






0.550 


2.5 






0.554 


5.1 






0.569 


14.9 






0.573 


19.9 






0.436 


0 






0.509 


15.5 






0.524 


100-20 







784 



0.367 


0 


C5H4O2 




0.416 


100-20 






0.576 


50-15 


C3H3O3 




0.496 


50-0 


C16H34 




0.459 


20 






0.716 


109-21 


C4H10O 




0.603 


30 






0.442 


0 


C12H2204 


l-J^JJjjiV' 'J'"'''" 


0.450 


20 


C4H302 




0.572 


100-40 


C12H2402 




0.515 


57 






0.590 


10-5 


CH40 




0.601 


20-15 






0.553 


127-21 




dJ^ Jiijj 


0.549 


78-20 


C4H3O 




0.516 


29-13 


C2H4O2 




0.459 


20 


C4H3O2 




0.653 


104-65 


CiaH3202 




0.444 


0 


C3HP, 




0.560 


137-20 






0.459 


20 


C5H,o02 


(n-) ^Ui^ll OhjjJI c:^ 


0.459 


20 


C,H,40, 




0.459 


20 


C4H3O2 




0.405 


20 


C,H,N 




0.431 


108-21 






0.395 


20-0 






0.352 


20-0 






0.382 


18 






0.550 


137-75 







Perry RH, Green DW, Maloney JO, eds., Chemical Engineers' Handbook, 6* :t> tiiULull 
ed., New York: McGraw-Hill, 1984. 

Doran PM, Bioprocess Engineering Principles, London: Academic Press, :t> J j-i?Jt 



1995. 
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- 

(jUliJl 










(kJ/mol) 


(°c) 


(kJ/mol) 


(°c) 






25.1 


20.2 




-123.7 


44.05 


JiJI AjA J 


24.39 


118.2 


12.09 


16.6 


60.05 


JiJI j^i^ 


30.2 


56.0 


5.69 


-95.0 


58.08 




23.351 


-33.43 


5.653 


-77.8 


17.03 




38.40 


179.0 




-26.0 


106.12 






-78° C ^ ^ 


8.33 


-56.6 


44.01 




38.58 


61.0 




-63.7 


119.39 




24.48 


78.5 


5.021 


-114.6 


46.07 




22.25 


-19.3 




-92 


30.03 






100.5 


12.68 


8.30 


46.03 




0.904 


290.0 


18.30 


18.20 


92.09 




16.1 


-252.76 


0.12 


-259.19 


2.016 




18.67 


-85.0 


1.99 


-114.2 


36.47 




8.179 


-60.3 


2.38 


-85.5 


34.08 




35.27 


-161.5 


0.94 


-182.5 


16.04 




30.30 


64.7 


3.167 


-97.9 


32.04 


J jjCh^ 


5.577 


86 


10.47 


-41.6 


63.02 






-195.8 


0.720 


-210.0 


28.02 




6.82 


186°C^ ^ 






90.04 


J jSVl 




-182.97 


0.444 


-218.75 


32.00 






181.4 


11.43 


42.5 


94.11 




170.7 




10.54 


42.3 


98.00 






1465 


28.5 


808 


58.45 






1390 


8.34 


319 


40.00 




83.7 












83.7 


444.6 


10.04 


113 


256.53 




24.91 


444.6 


14.17 


119 


256.53 






-10.02 


7.402 


-75.48 


64.07 




40.656 


340 °C Ak. ^ 


9.87 


10.35 


98.08 






100.00 


6.0095 


0.00 


18.016 


»U1 



FelderRM 
New York: 
Doran PM, 
1995. 



and Rousseau RW, Elementary Principles of Chemical Processes. :<> cjULJI 
John Wiley & Sons, 1978. 

Bioprocess Engineering Principles, London: Academic Press, :<> Jj^l 
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V(mVkg) t/ (kJ/kg) H (kJ/kg) 



r(°C) 


P(bar) 
















0.01 


0.00611 


0.001000 


206.2 


zero 


2375.6 


+0.0 


2501.6 


2501.6 


2 


0.00705 


0.001000 


179.9 


8.4 


2378.3 








4 


0.00813 


0.001000 


157.3 


16.8 


2381.1 


16.8 


OdOl 1 

2492.1 


2508.9 




0.00935 


0.001000 


137.8 


25.2 


2383.8 


25.2 


2487.4 


2512.6 


8 


0.01072 


0.001000 


121.0 


33.6 


2386.6 


33.6 


2482.6 


2516.2 


10 


0.01227 


0.001000 


106.4 


42.0 


2389.3 


42.0 


2477.9 


2519.9 


12 


0.01401 


0.001000 


93.8 


50.4 


2392.1 


50.4 


2473.2 


2523.6 


14 


0.01597 


0.001001 


82.9 


58.8 


2394.8 


58.8 






16 


0.01817 


0.001001 


73.4 


67.1 


2397.6 


67.1 


2463.8 


1«n q 

2530.9 


18 


0.02062 


0.001001 


65.1 


75.5 


2400.3 


75.5 


2459.0 


1 


20 


0.0234 


0.001002 


57.8 


83.9 






1i4Q^ 


1 ^^1 q 


22 


0.0264 


0.001002 


51.5 


92.2 


2405.8 


92.2 


2449.6 


2541.9 


24 


0.0298 


0.001003 


45.9 


100.6 


2408.5 


100.6 


2444.9 


2545.5 


25 


0.0317 


0.001003 


43.4 


104.8 


2409.9 


104.8 


2442.5 


2547.3 


26 


0.0336 


0.001003 


41.0 


108.9 


2411.2 


108.9 


2440.2 


2549.1 


28 


0.0378 


0.001004 


36.7 


117.3 


2414.0 


117.3 


2435.4 


2552.7 


30 


0.0424 


0.001004 


32.9 


125.7 


2416.7 


125.7 


2430.7 


2556.4 


32 


0.0475 


0.001005 


29.6 


134.0 


2419.4 


134.0 


2425.9 


2560.0 


34 


0.0532 


0.001006 


26.6 


142.4 


2422.1 


142.4 


2421.2 


2563.6 


36 


0.0594 


0.001006 


24.0 


150.7 


2424.8 


150.7 


ill 17 




38 


0.0662 


0.001007 


21.6 






1^7? 




15709 


40 


0.0738 


0.001008 


19.55 


167.4 


2430.2 


167.5 


1406 9 


2574.4 


42 


0.0820 


0.001009 


17.69 


175.8 


2432.9 


175.8 


2402.1 


2577.9 


44 


0.0910 


0.001009 


16.04 


184.2 


2435.6 


184.2 


2397.3 


2581.5 


46 


0.1009 


0.001010 


14.56 


192.5 


2438.3 


192.5 


2392.5 


2585.1 


48 


0.1116 


0.001011 


13.23 


200.9 


2440.9 


200.9 


1^«1 Q 




50 


0.1234 


0.001012 


12.05 










1?Q1 1 


52 


0.1361 


0.001013 


10.98 


217.7 


■>AA(i 


1177 


1377 


1CQC 


54 


0.1500 


0.001014 


10.02. 


226.0 


2449 




15^Q 


1 aa 
i^ni 


56 


0.1651 


0.001015 


9.158 


234.4 


2451 


234.4 


2368 


2602 


58 


0.1815 


0.001016 


8.380 


242.8 


2454 


242.8 


2363 


2606 


60 


0.1992 


0.001017 












761*3 


62 


0.2184 


0.001018 




759 S 
?<7 « 


2459 


259 5 


1353 




64 


0.2391 


0.001019 




17^1 


74«1 


■ 


7348 


2616 


66 


0.2615 


0.001020 






?1a7 








68 


0.2856 


0.001022 




9846 
IQ^ n 




7846 


9338 


1613 


70 


0.3117 


0.001023 


i 




7469 


193 0 


2333 


2626 


72 


0.3396 


0.001024 




301 4 


2472 


301 4 


2329 


2630 


74 


n iniQ 


0 001025 


4 799 


309 8 


2474 


309 8 


2323 


2633 


76 




0 001026 




3182 


2476 


318.2 


2318 


2636 


78 


0 4365 


0.001028 


3 679 


326 4 


2479 








80 


0.4736 


0.001029 


3.408 


334.8 


2482 


334.9 


2308 


2643 


82 


0.5133 


0.001030 


3.161 


343.2 


2484 


343.3 


2303 


2646 


84 


0.5558 


0.001032 


2.9.34 


351.6 


2487 


351.7 


2298 


2650 


86 


0.6011 


0.001033 


2.727 


360.0 


2489 


360.1 


2293 


2653 




0.6495 


0.001034 


2.536 


368.4 


2491 


368.5 


2288 


2656 


90 


0.7011 


0.001036 


2.361 


376.9 


2493 


377.0 


2282 


2659 


92 


0.7560 


0.001037 


2.200 


385.3 


2496 


385.4 


2277 


2662 


94 


0.8145 


0.001039 


2.052 


393.7 


2499 


393.8 


2272 


2666 


96 


0.8767 


0.001040 


1.915 


401.1 


2501 


402.2 


2267 


2669 


98 


0.9429 


0.001042 


1.789 


410.6 


2504 


410.7 


2262 


2673 


100 


1.0131 


0.001044 


1.673 


419.0 


2507 


419.1 


2257 


2676 


102 


1.0876 


0.001045 


1.566 


427.1 


2509 


427.5 


2251 


2679 



Haywood RW, Thermodynamic Tables in SI (Metric) r^Sal AxuiiL. cjULuII 
Units. Cambridge University Press, 1968. 

Reklaitis GV, Introduction to Material and Energy Balances. :(> JjJaJI 

New York: Wiley, 1983. 
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7 ( C) 


y (m'/kg) 




U (kJ/kg) 




H (kr/kg) 








. 




* 


( Hy )j=VU 




0.00611 


0 01 


0.001000 


206.2 


zero 


2375.6 


+0.0 


2501.6 


2501.6 




3 8 


0.001000 


159.7 


15.8 


2380.7 


15.8 


2492.6 


2508.5 


0 010 


7 0 


0.001000 


129.2 


29.3 


2385.2 


29.3 






0 012 


9 7 


0.001000 


108.7 




2388.9 




2478 7 


2519 3 


0 014 


12 0 


0.001000 


93.9 


SO 3 




50 3 


24732 


2523 5 


0.016 


14.0 


0.001001 


82.8 


58.9 


2394.8 


58.9 


2468.4 


2527.3 


0.018 


15.9 


0.001001 


74.0 


66.5 


2397.4 


66.5 


2464.1 


2530.6 






0.001001 


67.0 


73.5 


2399.6 


73.5 


2460.2 


2533.6 


0 022 


19 0 


0.001002 


61.2 


79.8 


2401.7 


79.8 


2456.6 


2536.4 


0 024 


20 4 


0.001002 


56.4 


85.7 


2403.6 


85.7 


2453.3 


2539.0 


0 026 


21 7 


0.001002 


52.3 


91.1 


2405.4 


91.1 


2450.2 




0 028 


23 0 


0.001002 


48.7 


96.2 


2407.1 


96.2 


2447.3 


2543 6 


0.030 


24.1 


0.001003 


45.7 


101.0 


2408.6 


101.0 


2444.6 


2545.6 


0.035 


26.7 


0.001003 


39.5 


111.8 


2412.2 


111.8 


2438.5 


2550.4 


0.040 


29.0 


0.001004 




121.4 


2415.3 
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0.0257 


1277.6 


2578.0 


1287.7 


1480.5 


2768.3 


76 


291.4 


0.001371 


0.0249 


1287.2 


2575.9 


1297.6 


1467.9 


2765.5 


78 


293.2 


0.001378 


0.0242 


1296.7 


2573.8 


1307.4 


1455.3 


2762.8 


80 


295.0 


0.001384 


0.0235 


1306.0 


2571.7 


1317.1 


1442.8 


2759.9 


82 


296.7 


0.001391 


0.0229 


1315.2 


2569.5 


1326.6 


1430.3 


2757.0 


84 


298.4 


0.001398 


0.0222 


1324.3 


2567.2 


1336.1 


1417.9 


2754.0 


86 


300.1 


0.001404 


0.0216 


1333.3 


2564.9 


1345.4 


1405.5 


2750.9 


88 


301.7 


0.001411 


0.0210 


1342.2 


2562.6 


1354.6 


1393.2 


2747.8 


90 


303.3 


0.001418 


0.02050 


1351.0 


2560.1 


1363.7 


1380.9 


2744.6 


92 


304.9 


0.001425 


0.01996 


1359.7 


2557.7 


1372.8 


1368.6 


2741.4 


94 


306.4 


0.001432 


0.01945 


1368.2 


2555.2 


1381.7 


1356.3 


2738.0 


96 


308.0 


0.001439 


0.01897 


1376.7 


2552.6 


1390.6 


1344.1 


2734.7 


98 


309.5 


0.001446 


0.01849 


1385.2 


2550.0 


1399.3 


1331.9 


2731.2 


100 


311.0 


0.001453 


0.01804 


1393.5 


2547.3 


1408.0 


1319.7 


2727.7 


105 


314.6 


0.001470 


0.01698 


1414.1 


2540.4 


1429.5 


1289.2 


2718.7 


110 


318.0 


0.001489 


0.01601 


1434.2 


2533.2 


1450.6 


1258.7 


2709.3 


115 


321.4 


0.001507 


0.01511 


1454.0 


2525.7 


1471.3 


1228.2 


2699.5 


120 


324.6 


0.001527 


0.01428 


1473.4 


2517.8 


1491.8 


1197.4 


2689.2 


125 


327.8 


0.001547 


0.01351 


1492.7 


2509.4 


1512.0 


1166.4 


2678.4 


130 


330.8 


0.001567 


0.01280 


1511.6 


2500.6 


1532.0 


1135.0 


2667.0 


135 


333.8 


0.001588 


0.01213 


1530.4 


2491.3 


1551.9 


1103.1 


2655.0 


140 


336.6 


0.001611 


0.01150 


1549.1 


2481.4 


1571.6 


1070.7 


2642.4 


145 


339.4 


0.001634 


0.01090 


1567.5 


2471.0 


1591.3 


1037.7 




150 


342.1 


0.001658 


0.01034 


1586.1 


2459.9 


1611.0 


1004.0 


2615.0 


155 


344.8 


0.001683 


0.00981 


1604.6 


2448.2 


1630.7 


969.6 


2600.3 


160 


347.3 


0.001710 


0.00931 


1623.2 


2436.0 


1650.5 


934.3 


2584.9 


165 


349.8 


0.001739 


0.00883 


1641.8 


2423.1 


1670.5 


898.3 


2568.8 


170 


352.3 


0.001770 


0.00837 


1661.6 


2409.3 


1691.7 


859.9 


2551.6 


175 


354.6 


0.001803 


0.00793 


1681.8 


2394.6 


1713.3 


820.0 


2533.3 


180 


357.0 


0.001840 


0.00750 


1701.7 


2378.9 


1734.8 


779.1 


2513.9 


185 


359.2 


0.001881 


0.00708 


1721.7 


2362.1 


1756.5 


736.6 


2493.1 


190 


361.4 


0.001926 


0.00668 


1742.1 


2343.8 


1778.7 


692.0 


2470.6 


195 


363.6 


0.001977 


0.00628 


1763.2 


2323.6 


1801.8 


644.2 


2446.0 



j=Jl i^ii^l -.H AjklJ yUJI -.U ij^jill ^\ -.V 

Haywood RW, Thermodynamic Tables in SI (Metric) Units. Cambridge :4ial 4..umLi CjULuII 
University Press, 1968. 

Reklaitis GV, Introduction to Material and Energy Balances. New York: Wiley, :(> J 
1983. 
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.(jL 1 J t>lS 298 :ijc fuHI oLS jJl J, oULu i?.^ JjJaJ 





M (g/mol) 


AHf (kj/mol) 


Cp (J/(mol-K)) 


AH", (kJ/mol) 


C(s) (graphite) 


12.011 


0 


8.527 


-393.51 


C(s) (diamond) 


12.011 


+1.895 


6.113 


—395.40 


COjCg) 


44.010 


-393.51 


37.11 




Hydrocarbons 










CH4(g), methane 


16.04 


-74.81 


35.31 


-890 


CH3(g), methyl 


15.04 


+ 145.69 


38.70 




CzHzCg), ethyne 


26.04 


+226.73 


43.93 


-1300 


C2H4(g), ethene 


28.05 


+52.26 


43.56 


—1411 


CzHgCg), ethane 


30.07 


-84.68 


52.63 


-1560 


CjHf,(g), propene 


42.08 


+20.42 


63.89 


-2058 


C3Hj(g), cyclopropane 


42.08 


+53.30 


55.94 


-2091 


CjHgCg), propane 


44.10 


-103.85 


73.5 


—2220 


C4H8(g), 1-butene 


56.11 


-0.13 


85.65 


-2717 


C4Hg(g), c«-2-butene 


56.11 


-6.99 


78.91 


-2710 


C4H8(g), trans-l-hattnt 


56.11 


-11.17 


87.82 


—2707 


C4Hio(g), butane 


58.13 


-126.15 


97.45 


-2878 


C5Hi2(g), pentane 


72.15 


-146.44 


120.2 


-3537 


C5Hi2(/) 


72.15 


-173.1 






C(;H6(/), benzene 


78.12 


+49.0 


136.1 


-3268 


CsH^Cg) 


78.12 


+82.93 


81.67 


-3302 


CgHi2(/), cyclohexane 


84.16 


— 156 


156.5 


—3920 


CgHi4(/), hexane 


86.18 


-198.7 




-4163 


C6H5CH3(g), toluene 


92.14 


+50.0 


103.6 


-3953 


C7Hi6(/), heptane 


100.21 


-224.4 


224.3 




C8Hi8(/), octane 


114.23 


-249.9 




-5471 


CsHisC), iso-octane 


114.23 


-255.1 




-5461 


CioH8(s), naphthalene 


128.18 


+78.53 




-5157 


Alcohols and phenols 










CH3OH(0, methanol 


32.04 


-238.66 






CH30H(g) 


32.04 


—200.66 


43.89 


-764 


C2H50H(/), ethanol 


46.07 


-277.69 


111.46 




C2H50H(g) 


46.07 


—235.10 


65.44 




C6H50H(s), phenol 


94.12 


-165.0 




-3054 


Carboxylic acids, hydroxy acids, and esters 








HCOOH(/), formic 


46.03 


-424.72 


99.04 


-255 


CH3COOH(/), acetic 


60.05 


-484.5 


124.3 


-875 


CH3COOH(aq) 


60.05 


-485.76 






CH3C02(aq) 


59.05 


—486.01 






(COOH)2(s), oxalic 


90.04 


-827.2 


117 


-254 


C6HjCOOH(s), benzoic 


122.13 


-385.1 


146.8 


-3227 


CH3CH(pH)COOH(s), 


90.08 


-694.0 




-1344 


lactic 










CH3COOC2Hj(/), 


88.11 


-479.0 


170.1 


-2231 


ethyl acetate 










Alkanals and alkanones 










HCHO(g), methanol 


30.03 


-108.57 


35.40 


-571 
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.(jL 1 J tjaK 298 ^ ^\ Aj_^JajJI CjLS^ aAjaLuj jaJI CjULu '•{^^) 7.^ JjJaJI 





M (g/mol) 


Aii^ (kj/mol) 


C„(J/(mol-K)) 


Aif? (kj/molj 


CH3CHO(/), ethanol 


44.05 


— 192.30 






CH3CHO(g) 


44.05 


-166.19 


57.3 


-1192 


CH3COCH3(/), 










propanone 


58.08 


-248.1 


124.7 


-1790 


Sugars 










Ci;Hi20g(s), a-D-glucose 


180.16 


-1274 




-2808 


C6Hi20g(s), P-D-glucose 


180.16 


-1268 






CgHuOg^s), p-D-fructose 


180.16 


-1266 




-2810 


Ci2H220ii(s), sucrose 


342.30 


-2222 




^ -5645 


Nitrogen compounds 










CO(NH2)2(s), urea 


60.06 


-333.51 


93.14 


-632 


CH3NH2(g), 


31.06 


-22.97 


53.1 


-1085 


methylamine 










CgHjNH2(/), aniline 


93.13 


+31.1 




-3393 


CH2{NH2)COOH(s), 










glycine 


75.07 


-532.9 


99.2 


-969 



•Atkins P, Physical Chemistry, 6* ed. New York: W. H. Freeman, 1998 :cy Jj^^ 





.(jL 1 J t>K 298 A. 




CM^ :8.^ JjJaJI 




M (g/mol) 


^H°f (kJ/mol) 


C^(J/(K-mol)) 


Aluminum 








Al(s) 


26.98 


0 


24.35 


Al(/) 


26.98 


+ 10.56 


24.21 


Al(g) 


26.98 


+326.4 


21.38 


Ap-(g) 


26.98 


+5483.17 




Al3^(aq) 


26.98 


-531 




Al203(s, a) 


101.96 


-1675.7 


79.04 


A/Cl3(s) 


133.24 


-704.2 


91.84 


Argon 








Ar(g) 


39.95 


0 


20.786 


Antimony 








Sb(s) 


121.75 


0 


25.23 


SbH3(g) 


124.77 


+ 145.11 


41.05 


Arsenic 








As(s, a) 


74.92 


0 


24.64 


As(g) 


74.92 


+302.5 


20.79 


AS4(g) 


299.69 


+ 143.9 




AsH3(g) 


77.95 


+66.44 


38.07 


Barium 








Ba(s) 


137.34 


0 


28.07 


Ba(g) 


137.34 


+180 


20.79 


Ba2+(aq) 


137.34 


-537.64 




BaO(s) 


153.34 


-553.5 


47.78 
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oaK 298 :ijc 




CjULu 8. 2 JjJaJ) 




M (g/mol) 


Afl^ (kj/mol) 


C^(J/(K-mol)) 


Barium (Continued) 








BaCl2(s) 


208.25 


-858.6 


75.14 


Beryllium 








Be(s) 


9.01 


0 


16.44 


Be(g) 


9.01 


+324.3 


20.79 


Bismuth 








Bi(s) 


208.98 


0 


25.52 


Bi(g) 


208.98 


+207.1 


20.79 


Bromine 








Br2(l) 


159.82 


0 


75.689 


Br2(g) 


159.82 


+30.907 


36.02 


Br(g) 


79.91 


+ 111.88 


20.786 


Br^(g) 


79.91 


-219.07 




Br-(aq) 


79.91 


-121.55 


-141.8 


HBr(g) 


90.92 


-36.40 


29.142 


Cadmium 








Cd(s,7) 


112.40 


0 


25.98 


Cd(g) 


112.40 


+ 112.01 


20.79 


Cd2+(aq) 


112.40 


-75.90 




CdO(s) 


128.40 


-258.2 


43.43 


CdC03(s) 


172.41 


-750.6 




Cesium 








Cs(s) 


132.91 


0 


32.17 


Cs(g) 


132.91 


+ 76.06 


20.79 


Cs+(aq) 


132.91 


-258.28 


-10.5 


Calcium 








Ca(s) 


40.08 


0 


25.31 


Ca(g) 


40.08 


+ 178.2 


20.786 


Ca^-^(aq) 


40.08 


-542.83 




CaO(s) 


56.08 


-635.09 


42.80 


CaC03(s) (calcite) 


100.09 


-1206.9 


81.88 


CaC03(s) (aragonite) 


100.09 


-1207.1 


81.25 


CaF2(s) 


78.08 


-1219.6 


67.03 


CaCl2(s) 


110.99 


-795.8 


72.59 


CaBr2(s) 


199.90 


-682.8 




Carbon 








C(s) (graphite) 


12.011 


0 


8.527 


C(s) (diamond) 


12.011 


+ 1.895 


6.113 


C(g) 


12.011 


+716.68 


20.838 


C2(g) 


24.022 


+ 831.90 


43.21 


CO(g) 


28.011 


-110.53 


29.14 


C02(g) 


44.010 


-393.51 


37.11 


COiCaq) 


44.010 


-413.80 




H,C03(aq) 


62.03 


-699.65 




HC03(aq) 


61.02 


-691.99 




CO|'(aq) 


60.01 


-677.14 




CCJ4{/) 


153.82 


-135.44 


131.75 


CS2(/) 


76.14 


+ 89.70 


75.7 


HCN(g) 


27.03 


+ 135.1 


35.86 


Ha>}(/) 


27.03 


+ 108.87 


70.63 


CN-(aq) 


26.02 


+ 150.6 


(Continued) 
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M (g/mol) 


Afl^ (kj/mol) 


(J/(K-mol)) 










ClzCg) 


70.91 


0 


33.91 


Cl{g) 


35.45 


+ 121.68 


21.840 




35.45 


-233.13 




Cr(aq) 


35.45 


-167.16 


-136.4 


HCl(g) 


36.46 


-92.31 


29.12 


HCl(aq) 


36.46 


-167.16 


-136.4 


Chromium 








Cr(s) 


52.00 


0 


23.35 


Cr{g) 


52.00 


+396.6 


20.79 


CrO^"(aq) 


115.99 


-881.15 




Cr20f"(aq) 


215.99 


-1490.3 




Copper 








Cu(s) 


63.54 


0 


24.44 


Cu(g) 
Cu^(aq) 


63.54 


+338.32 


20.79 


63.54 


+71.67 




Cu^+(aq) 


63.54 


+64.77 




Cu20(s) 


143.08 


-168.6 


63.64 


CuO(s) 


79.54 


-157.3 


42.30 


CuS04(s) 


159.60 


-771.36 


100.0 


CUSO4 • H20(s) 


177.62 


-1085.8 


134 


CUSO4 • 5 H20(s) 


249.68 


-2279.7 


280 


Deuterium 








D2(g) 


4.028 


0 


29.20 


HD(g) 


3.022 


+0.318 


29.196 


D20(g) 


20.028 


-249.20 


34.27 


D20(/) 


20.028 


-294.60 


84.35 


HDO(g) 


19.022 


-245.30 


33.81 


HDO{/) 


19.022 


-289.89 




Fluorine 








F2(g) 


38.00 


0 


31.30 


F(g) 


19.00 


+78.99 


22.74 


F"(aq) 


19.00 


-332.63 


-106.7 


HF{g) 


20.01 


-271.1 


29.13 


Gold 








Au(s) 


196.97 


0 


25.42 


Au{g) 


196.97 


+366.1 


20.79 


Helium 








He(g) 


4.003 


0 


20.786 


Hydrogen 








H2(g) 


2.016 


0 


28.824 


H{g) 


1.008 


+217.97 


20.784 


H+(aq) 


1.008 


0 


0 


H^(g) 


1.008 


+ 1536.20 




H20(/) 


18.015 


-285.83 


75.291 


H20(g) 


18.015 


-241.82 


33.58 


H202(/) 


34.015 


-187.78 


89.1 


Iodine 








I2(S) 


253.81 


0 


54.44 


12(g) 


253.81 


+62.44 


36.90 
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M (g/mol) 


AHf (kj/mol) 


r CT/CK-moni 


. 

Iodine (continued) 








1(g) 


126.90 


+106.84 


20.786 


I (aq) 






— 142.3 


HI(g) 


127.91 


+26.48 


29.158 


Iron 








Fe(s) 


55.85 




25.10 


Fe(g) 


55.85 


+416.3 


25.68 


Fe^+(aq) 


55.85 


—89.1 




Fe^'^(aq) 


55.85 


—48.5 




Fe304(s) (magnetite) 


231.54 


— 1118.4 


143.43 


Fe203(s) (hematite) 


159.69 


—824.2 


103.85 


FeS(s, a) 


87.91 


— 100.0 


50.54 


FeS2(s) 


119.98 


-178.2 


62.17 


Krypton 








Kr(g) 


83.80 


0 


20.786 


Lead 








Pb(s) 






26.44 


Pb(g) 


207.19 


+ 195.0 


20.79 


Pb^+(aq) 


207.19 


— 1.7 




FDiJ(s, yellow^ 








PbO(s, red) 




718 QQ 


45.81 


Pb02(s) 


239.19 


-277.4 


64.64 


Lithium 








Li{s) 






24.77 


Li(g) 
Li+(aq) 


6.94 


+ 159.37 


20.79 


6.94 


—278.49 


68.6 


Magnesium 








Mg(s) 








Mg(g) 


24.31 


147 7n 
+147.70 


20.786 


Mg^"^(aq) 


24.31 


—466.85 




MgO(s) 


40.31 


—601.70 


37.15 


MgC03(s) 


84.32 


-1095.8 


75.52 


MgCl2(s) 


95.22 


—641.32 


71.38 


Mercury 








Hg(l) 






27.983 


Hg(g) 


200.59 


+61.32 


20.786 


Hg^'^(aq) 


200.59 


+171.1 




Hg2'^(aq) 


401.18 


+ 172.4 




HgO(s) 


HQ 




44.06 


Hg2Cl2(s) 


472.09 


-265.22 


102 


HgCl2(s) 


271.50 


—224.3 




HgS(s, black) 


232.65 


—53.6 




Neon 








Ne(g) 


20.18 


0 


20.786 


Nitrogen 








N2(g) 


28.013 


0 


29.125 


N(g) 


14.007 


+472.70 


20.786 


NO(g) 


30.01 


+90.25 


29.844 


NiOCg) 


44.01 


+82.05 


38.45 


N02(g) 


46.01 


+33.18 


37.20 


N204(g) 


92.01 


+9.16 


77.28 




108.01 


-43.1 


143.1 



( Continued) 
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.(jU Ij oiH298 ^ 








M (g/mol) 


KH°f (kj/mol) 


q(J/(K-mol)) 


N205(g) 


108.01 


+ 11.3 


84.5 


HNOaCO 


63.01 


-174.10 


109.87 


HN03(aq) 


63.01 


-207.36 


-86.6 


NOKaq) 


62.01 


-205.0 


-86.6 


NH3(g) 


17.03 


-46.11 


35.06 


NH3(aq) 


17.03 


-80.29 




NHj(aq) 


18.04 


-132.51 


79.9 


NH20H(s) 


33.03 


-114.2 




HN3(/) 


43.03 


+264.0 


43.68 


HN3(g) 


43.03 


+294.1 


98.87 


N2H4(/) 


32.05 


+50.63 


139.3 


NH4N03(s) 


80.04 


-365.56 


84.1 


NH4Cl(s) 


53.49 


-314.43 




Oxygen 








02(g) 


31.999 


0 


29.355 


0(g) 


15.999 


+249.17 


21.912 


03(g) 


47.998 


+ 142.7 


39.20 


OH-(aq) 


17.007 


-229.99 


-148.5 


Phosphorus 








P(s, wh) 


30.97 


0 


23.840 


P(S) 


30.97 


+314.64 


20.786 


P2(g) 


61.95 


+ 144.3 


32.05 


P4(g) 


123.90 


+58.91 


67.15 


PH3(g) 


34.00 


+5.4 


37.11 


PCl3(g) 


137.33 


-287.0 


71.84 


PCl3(/) 


137.33 


-319.7 




PCl5(g) 


208.24 


-374.9 


112.8 


PC15(S) 


208.24 


-443.5 




H3P03(S) 


82.00 


-964.4 




H3P03(aq) 


82.00 


-964.8 




H3P04(S) 


94.97 


-1279.0 


106.06 


H3P04(/) 


94.97 


-1266.9 




H3P04(aq) 


94.97 


-1277.4 




PO^-(aq) 


94.97 


-1277.4 




P40io(s) 


283.89 


-2984.0 


211.71 


P406(s) 


219.89 


-1640.1 




Potassium 








K(s) 


39.10 


0 


29.58 


K(g) 

K^(g) 

K+(aq) 


39.10 


+89.24 


20.786 


39.10 


+514.26 




39.10 


-252.38 


21.8 


KOH(s) 


56.11 


-424.76 


64.9 


KF(s) 


58.10 


-576.27 


49.04 


KCl(s) 


74.56 


-436.75 


51.30 


KBr(s) 


119.01 


-393.80 


52.30 


Kl(s) 


166.01 


-327.90 


52.93 


Silicon 








Si(s) 


28.09 


0 


20.00 


Si(g) 


28.09 


+455.6 


22.25 


Si02(s, a) 


60.09 


-910.94 


44.43 


Silver 
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M(g/mol) 


t^fPf (kj/mol) 


Cp(J/(K-mol)) 


Ag''"(aq) 


107.87 


+ 105.58 


21.8 


AgBr(s) 


187.78 


-100.37 


52.38 


AgCl(s) 


143.32 


-127.07 


50.79 


Ag20(s) 


231.74 


-31.05 


65.86 


AgNOifs) 


169.88 


-129.39 


93.05 


Sodium 








Na(s) 


22.99 


0 


28.24 


Na(g) 
Na+(aq) 


22.99 


+ 107.32 


20.79 


22.99 


-240.12 




NaOH(s) 


40.00 


-425.61 


59 54 


NaCI(s) 


58.44 


-411.15 


50.50 


NaBr(s) 


102.90 


-361.06 


51.38 


Nal{s) 


149.89 


-287.78 


52.09 


Sulfur 








S(s, ct) (rhombic) 


32.06 


0 


22.64 


S(s, p) (monoclinic) 


32.06 


+0.33 


23.6 


S(g) 


32.06 


+278.81 


23.673 


S^"(aq) 


64.13 


+ 128.37 


32.47 


32.06 


+33.1 




S02(g) 


64.06 


-296.83 


39.87 


S03(g) 


80.06 


—395.72 


50 67 


H2S04(/) 


98.08 


-813.99 


138.9 


H2S04(aq) 


98.08 


—909.27 


—293 


SO^(aq) 


96.06 


-909.27 


-293 


HSOJ(aq) 


97.07 


-887.34 


—84 


H2S(g) 


34.08 


—20.63 


34.23 


H2S(aq) 


34.08 


—39.7 




HS"(aq) 


33.072 


-17.6 






146.05 


-1209 


97 28 


Tin 








Sn(s, P) 


118.69 


0 


26.99 


Sn(g) 


118.69 


+302.1 


20.26 


Sn=^+(aq) 


118.69 


-8.8 




SnO(s) 


134.69 


-285.8 


44.31 


Sn02(s) 


150.69 


-580.7 


52.59 


Xenon 








Xe(g) 


131.30 


0 


20.786 


Zinc 








Zn(s) 


65.37 


0 


25.40 


Zn(g) 


65.37 


+130.73 


20.79 


Zn2+(aq) 


65.37 


-153.89 


46 


ZnO(s) 


81.37 


-348.28 


40.25 



•Atkins P, Physical Chemistry, 6* ed. New York: W. H. Freeman, 1998 :u- JjJ=JI 
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M (g/mol) 




Ml ^ (kj/mol) 


Acetaldehyde 


C2H4O 


44.053 


/ 


-1166.9 








g 


-1192.5 


Acetic acid 


C2H4O2 


60.053 


/ 


-874.2 








g 


-925.9 


Acetone 


C3H6O 


58.080 


/ 


-1789.9 








g 


-1820.7 


Acetylene 


C2H2 


26.038 


g 


-1301.1 


Adenine 


C5H5N5 


135.128 


c 


-2778.1 








g 


-2886.9 


Alanine (D-) 


C3H7O2N 


89.094 


c 


-1619.7 


Alanine (l ) 


C3H7O2N 


89.094 


c 


-1576.9 








g 


-1715.0 


Ammonia 


NH3 


17.03 


g 


-382.6 


Ammonium ion 








-383 


Arginine (D-) 


C6H14O2N4 


174.203 


c 


-3738.4 


Asparagine (l-) 


C4H8O3N2 


132.119 


c 


-1928.0 


Aspartic acid (l-) 


C4H7O4N 


133.104 


c 


-1601.1 


Benzaldehyde 


CyHeO 


106.124 


I 


-3525.1 










-3575.4 


Biomass 


CH1.8O0.5N0.2 


25.9 




-552 


Butanoic acid 


C4H8O2 


88.106 


I 


-2183.6 










-2241.6 


1-Butanol 


C4H10O 


74.123 


I 


-2675.9 










-2728.2 


2-Butanol 


C4H10O 


74.123 


I 


-2660.6 










-2710.3 


Butyric acid 


C4H8O2 


88.106 


I 


-2183.6 








g 


-2241.6 


Caffeine 


C8H10O2N4 




s 


-4246.5* 


Carbon 


C 


12.011 


c 


-393.5 


Carbon monoxide 


CO 


28.010 


g 


-283.0 


Citric acid 


CfiHgOy 




s 


-1962.0 


Codeine 


C18H21O3N.H2O 




s 


-9745.7* 


Cytosine 


C4H5ON3 


111.103 


c 


-2067.3 


Ethane 




30.070 


g 


-1560.7 


Ethanol 


C2H6O 


46.069 


/ 


-1366.8 








g 


-1409.4 


Ethylene 


C2H4 


28.054 


g 


-1411.2 


Ethylene glycol 


C2H6O2 


62.068 


/ 


-1189.2 








g 


-1257.0 


Formaldehyde 


CH2O 


30.026 


g 


—570.7 


Formic acid 


CH2O2 


46.026 


I 


-254.6 








g 


-300.7 


Fructose (d-) 






s 


-2813.7 


Fumaric acid 


C4H4O4 


116.073 




-1334.0 


Galactose (D-) 


C6H12O6 




s 


-2805.7 


Glucose (d-) 






s 


-2805.0 


Glutamic acid (L-) 


C5H9O4N 


147.131 


c 


-2244.1 


Glutamine (L-) 


C5H10O3N2 


146.146 


c 


-2570.3 



799 

















M (g/mol) 




Aff°(kJ/mol) 


Glutaric acid 


C5Hg04 


132.116 


c 


—2150.9 


Glycerol 


C3H803 


92.095 


I 


— 1655.4 








g 


— 1741.2 


Glycine 


C2H502N 


75.067 


c 


—973.1 


Glycogen 


( T-J C\ \ not- b-rr 






—17530.1* 


Guanine 


C5H SON5 






—2498.2 


Hexadecane 


C16H34 














g 


— 10780.5 


Hexadecanoic acid 


C16H32O2 














/ 
I 


— 10031.3 








g 


— 10132.3 


Histidine (l-) 


C6H9O2N3 


155.157 


c 




Hydrogen 


H2 


2.016 


g 


—285.8 


Hydrogen sulphide 


H2S 


34.08 




—562.6 


Inositol 


CeHiiOg 




s 


—2772.2 


Isoleucine (L-) 


C6H13O2N 


131.175 


c 




Isoquinoline 


C9H7N 


129.161 


I 




Lactic acid (D, L-) 


C3H6O3 




I 


— 1368.3 


Lactose 


C12H22O11 




s 


—5652.5 


Leucine (D-) 


C6H13O2N 


131.175 


c 


—3581.7 


Leucine (L-) 


C6H13O2N 


131.175 


c 


—3581.6 


Lysine 


CSH14O2N2 


146.189 




—3683 2 


Malic acid (L-) 


C4H6O5 




s 


—1328.8 


Malonic acid 


C3H4O4 






— 861 8 


Maltose 


C12H22O11 




s 


—5649.5 


Mannitol (D-) 


C6H14O6 






—3046.5 


Methane 


CH4 


16.043 


g 


— 890.8 


Methanol 


CH4O 




I 


—726.1 








g 




Morphine 


C17H19O3N.H2O 




s 


—8986.6 


Nicotine 


C10H14N2 




/ 


—5977.8 


Oleic acid 


C18H34O2 




^ 




Oxalic acid 


C2H2O4 


90.036 


c 


—251.1 


Papaverine 


C20H21O4N 




s 


— 10375.8 


Pentane 


C5H12 


72.150 




—3509.0 








g 


—3535.6 


Phenylalanine (L-) 


C9H11O2N 


165.192 


c 


—4646.8 


Phthalic acid 


C8H6O4 


166.133 


c 


-3223.6 


Proline (L-) 


C5H9O2N 


115.132 


c 


-2741.6 


Propane 


C3H8 


44.097 


g 


-2219.2 


1-Propanol 


CjHgO 


60.096 


/ 


-2021.3 






g 


-2068.8 


2-Propanol 


C3H8O 


60.096 


/ 


-2005.8 








s 


-2051.1 


Propionic acid 


C3H6O2 


74.079 


/ 


-1527.3 






s 


-1584.5 
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M (g/mol) 




Aff°(kJ/mol) 


1,2-Propylene glycol 




76.095 


/ 




-1838.2 








g 


-1902.6 


1,3 -Propylene glycol 


C3H8O2 


76.095 


/ 


-1859.0 








g 


-1931.8 


Pyridine 


CsHjN 


79.101 


/ 


-2782.3 








g 


-2822.5 


Pyrimidine 


C4H4N2 


80.089 


/ 


-2291.6 








g 


-2341.6 


Salicylic acid 


C7H6O3 


138.123 


c 


-3022.2 






g 


-3117.3 


Serine (L-) 


C3H7O3N 


105.094 


c 


-1448.2 


Starch 


(C,Hio05Lperkg 




s 


-17496.6' 


Succinic acid 


C4H6O4 


118.089 


c 


-1491.0 


Sucrose 


C12H22O11 




s 


-5644.9 


Thebaine 


C19H21O3N 




s 


-10221.7' 


Threonine (L-) 


C4H9O3N 


119.120 


c 


-2053.1 


Thymine 


C5H6O2N2 


126.115 


c 


-2362.2 


Tryptophan (L-) 


C11H12O2N2 


204.229 


c 


-5628.3 


Tyrosine (L-) 


C9H11O3N 


181.191 


c 


-4428.6 


Uracil 


C4H4O2N2 


112.088 


c 


—1716.3 








g 


-1842.8 


Urea 


CH4ON2 


60.056 


c 


-631.6 








g 


-719.4 


Valine (l-) 


CjHiiOjN 


117.148 


c 


-2921.7 








g 


-3084.5 


Xanthine 


CJH4O2N4 


152.113 


c 


-2159.6 


Xylose 


C5H10O5 




s 


-2340.5 



Handbook of Chemistry and Physics, 57* ed., Boca Raton, FL: CRC Press, :(> cjULuII 
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Doran PM, Bioprocess Engineering Principles, London: Academic Press, -Cy J j-^' 
.1995 

.* _J l^J jLixJl jiJilS Ajjl. Jj 20 jl 'Ajjla Aa. Jj 25j l^y^ 1 :Aj»a. jA 

CO2 _! Aff J' = 0 lil .<^> N2 J .j2La, H2O J CO2 S S^' J o^Jal 

jj';'- C o.il.r-i S hJjL" / g :5JlaJI 
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(uj^ jU. J j^Ij (^^aJajo. ji.^ J5U. jp55 s js :(surface force) haJa*M SjS 
Ail£JI s js IjjLo! (jxj 4^ ojjAj ^iiiiaJl ^ jpjj s jS :(body force) SjS 



^ (jjiLoj (jtkuij ^.joia. (jjj jl) (jjli^ (jjj Lijj s j5 : (contact force) AouiLaj Sja 

^ 4^ju>\n\\ ^liill .AiiiaJI 5-<uall (_y^\ ^lij sjijjal (_5i<i : (accuracy) Jaxua 

.ASj jiajl .sjjjjJalU 4Ja ju>\n dhjiA ^Ijjll ^jU iAAjSJ ^l^j 

(juij Jj^ ls-^ J 'W^^j (j^Liall ^jjllj (_sA« : (precision) aSj 

<jLaC. ^ 7. ^ 1 n i_al^)aj| < .111 III AjijiaJI (jf. oAlaj (j^ '^-^ <ajaj ^^^^1^ U^-^:! 

<!jJi£ll sjiill ^jJI ( jjjJii]l) (jJUjjjiVl oj- J* : (epinephrine) cyjifiw! 

2^., ^.H ^ J ^ ^-j^t AjL^JIuiVI liljLuijj AjjIj^I ^jL^^I ^jbujjj 

.«.LJI ^ Lijja. j^^bj (j^Loil :(weak base) uiaui (j-Luii 
.,.LJI ^ LK : (strong base) 

iSy^ t^jjjx^l 4iU=JI (> isy^ : (basal metabolism) ^^Lu.! uj^jUiu.! 

t ^^ ' ^gH jW^I (^^1 jaJI (> : (Escherichia coli) LuIijj^I 
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(> jiiS J ^T'mij j (_L)lSLaiU ^ : (acetyl coA) A tiJjLiAJl JjIu-VI ^1 

(JjLUjboVl ^j-' (j-W^)^' dilji (J-a^ Aajijjj]! ^'ug <ij .<jjjaJI AjjLloj^I CLLiltlijll 

4jjA jxaJI SioiSlj s-uSjp ^ jjj A liljLUl (>jj£i5 :(CoA) A tSjlA* ^jjjj 
4jjLlojS aj^j Jajj (>jjjj ^ 'Siji^' : (transferase) JaU 

jjx AjLiij Mai] ^Jc ChJ^ (jiil jj AjkJI Sl jj ^LoiSjl : (mitosis) JjLala ^LujAj) 

LjsuJallj Jj:illj 0^"^^ Jw^ :(heat exhuastion) t^Jj^ <^\^\ 

t-ikj-all cJi jjc sLiAi^l J/utioij AjjLaV Sii.j :(osniole) J>»Jji 
.Cr —SI J Na"^ —II jUi lJa«-a L^bj <jV 2 osmol/L t> jjl- t_L^ mol/L 

4jcjVi gjJI (t^jl-iiif?) sjji^l t^Uij jjjJI (> ^ :(bradykinin) cji^i^'^l 

.^^1 JaijJa (j^Uijl Jl (^JjJ 1^ j Aj_^JI 

^Ujll <i&U- t^^!JJJJ : (immunoglobulin Ig) Ajftli»2) ^^Uhjjj 

^1 jjVl t«Slj J iAilikx ^Ij-o Cj|i ^1 jjl AjoLai. A>u j .(_^jUall J yiA ^JjlLullI 

.IgM JgG JgE JgD JgA :^ 
(> jjjS ^ CjU^j-j^I 4JUa : (prostaglandin) ;i)jii!!lc.Llu.jjj 
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.^>jaiaJI Sjlj^ ^J-^ ^■^jh'i' J A-acUll dL^Llastll tliL^alSj j cllULgjtjU ejLla^ JjclLo 

2LjLkU (jku AMJi \pjJi ilAa : (endothelium) (^>»j1I flft^l AjLLj 

.«.lc. jll jl^ '^^J tly^ tj-^^ Ajc j5>U 

^ s jjU DNA _!l t> Aik. :(plasmid) Af-JsL 

.<i(_^ jaJI uj^J^ "-^^ (^-^La-^ ^ :(triose) JjjIjj 

jJiil .jiiUI cjVj-ll I jjS JiJI : (molar concentration) JjSjj 

(> ^! (Ji-aa^ J 4^^:*^ <-5^^ : (equilibrium reaction) OJl>" 

5iajail jj cjLijljaJI J dilj^ jjj^l 1^5^ i_L)Ulail ejjjjjoi : (glycolysls) i^SSii 

Jajjj Ajj (jjliiil '^^jjVi Jilij : (chemiosmotic) t^jjjl ^-iaUj 

^Lul 4jLiJI sUic. jjc (jj^ jjAi^l CjU jjI j ATP (jj jjj-^Vl ujlLji ji (^gj^ All jj 

t> ^jJ^j:^ : (adenosine triphosphate ATP) l«J^J^1 cjliuiji 

.^jjliJ) tlLic-lail] (>ilJj]l 4iLkll jAj-axi tll^ijJaxJI J JJJ Ojj^fj-^Vl 

t>i^!>u -i^jii :(nucleotide) -ijjjrfisjjj 
(^jll jjjjj^Vl : (adenosine diphosphate ADP) L«JjjjSft Ciliuijs ^ 

: (nicotinamide adenine dinucleotide NAD) o^J^l amUujIu aujjISjjj ^Ij 
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j^jit i^Jx^ ^^l!iJlj (jjjJiVl (JJiLui! j^^Jc i^Jx^ LaA^f i^^liui jjj) LaA^j A ^jjiajl jILo 

*l J cjjja^ ^J\ <ih J jA ^jJiill ^Jt ^ :(septuin) J*^li Jja 

.(-ilall osjjj^l OH J^Ull : (interatrial septum) J«ali Jj^ 

.i-ilall ^^ uiii^l OH J^lill : (interventricular septum) (^j^ J-ali Jj^ 

^1 j^l liiU. o-LijSjJI t^Llia :(Langerhans) o^J*^ JJi- 

.1869 4^ o-j^^j"^ t^*-^^' f^^' l^i^l (^Ij (cjU a-^uaW) 

AlLiJi (> jAx^ : (sympathetic nervous system) ^Jjll ^jj^I 5-»j]al»]| 

^^1 iaajL^a Jjjia tAjiiia jll AjjJiJI JjcU-all <ja£Li«-a ^JiC Ja»j j J j-axJI jj-o AjjAj-all 

.^jJaJI 3^3^J 4jj-ajll AjtjVl (JJ ■ Wi j A]At>i^ W Cjl^LoLall jjjlLo jjlaiaj j 

'(CHsCOCOOH) 4^ ^iijx^ jjjM : (pyruvic acid) j»>uaaJI 

.«.LJI Lijja. t^^bj (jia^ :(weak acid) uiaui 
.^iLJI ^ Lk (j^bj : (strong acid) t^jS 
cjli 6 jjJl *Lij t> ij^i*^ sjU :(polylactic acid) dw^l 

.VI nr'uii 4jjJaJI (jjl^l (j-o eA^lj j ilaij!t\ Xcj'u^nW (jjl^l qjiAaj j^JiaS 

ALlJa ajcLl^ AclSa : (liposome) Jij ^i^ajj^ 

: (standard temperature and pressure) chjl*A laLiJIj SJjaJI Aajj 

. ^lj(^_^iai^j(0°C) 273K 

: (biological temperature and pressure) oUap^' Iau2»llj SJjaJI Aajj 
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jni^j(37°C) 310K 
j^ji jA (jjauo^Vl oajiull (^jjjll : (deoxyribonucleic acid DNA) Uj 

cjbUili Ji.^ 4^ J 'uj-jffl (>»*^ » jj-^ :(Krebs cycle) o-^j^ »JJJ 

^1 AiUall <Axl\ CLilij jill iliUS^ JilijaiVl CjIjSjaI Lilaljl ^jm^Ti j AjliJl 

j_paLij ajL«I (>j Jj^Ij Ji^j (■^^'^ ijy^y^ Jjli i=Lu.u (jjjjjj : (albumin) JVJ 
J J '^jj^ CAAL 2<<i'.JI U^UJ1 J^L. :(lysate) AiSiUI Lj5UJ) JjLui 



jjj j> jjl jfill 5JU. ^1 ijJUL (_jjs4 i-^b' ^ ^j"^ ! jJc ^ ja : (statics) diLujlu 

(jiijjjUjjiJl 0 jaui jjij j>i ^ jiljj 3^Lj o^La : (ouabain) (cyjij) ^4*^1 ^ 

.(J-Vi 

liljyj -ija-^j- (JjLu ^ 'Ua jJa ^! (>ilaij ^Ja J ^jd I (slphOU) OjfH" 

(Jak ljU .<iU')/l ^'A\ JjUJI ijJijM (JA jlaui ^ jll J^VI Aijia 

UjtaJj ^J^sl i^iijia (_^L (^^' ts^j JjVl i-ajiall M jd^^ cs^ t:?-*^ JjLuJI 

jjij^jill (_>:a<ia.j ijaj^ (j^ 'aSj^ cjLjS ^ : (pHosphoUpids) AjjjL^ji fja->^ 

.U^l^l 4jnir.! CliUj^ ^ - J^j (^^jj^jjpjj ^Luifj 

<, JjkJl ^ A%k5 i-Lj^ (^jJl iaiujJI jA : (osmotic pressure) ^^^a-w2aUj JdLd 
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.^IjII f!iiJI ^1 iiioulLi , a\ \ ja : (absolute pressure) JJk» JaL^ 
j^^iaja^l J (^jaJ) iaiujJI <^ (j^lUl iaijjall jA :(gauge pressure) -lai-^ 

.(_3lixa JaLua jiajl .^U 

j^^^iuJallill iaijJall ^j/i ,_jlcl ^^^auJallj Jaij-ia ^'^ (J jL-<J : (hypertOIlic) JJJjJ) 

Ajk. Ji.b iaijJaJl J j^T J jL^ 

lakjJai] (>»*^^ t/*^*-" ^'"^ C?-^ Jjla^ Ai-a :(hypOtOnic) JJ JjJl (J?lS-%U 

.Aj2l (Ji.l:s , •^\r,\\ . -^W j ui-;. I J J ^\ , •^\rA\ 

Ut I >i\\ (^jLjJ ^^ajJaljj JaijJa (^^j Jjla-al Ai-^ :(iSOtOnic) JJJjJI ^jLmla 

(Jklj 1^1 nil I iiW tj^jLuiJ j! j^T Jjla^ 

JjS jp i-jjlLil (^jiUI ^jlijUl : (potential of Hydrogen pH) ^>»aJI J^l* 

1 14 1 t> ^ imol/L —J I jja-jj^l iJjUjj! 

jjli pH >7 ^ J «Jjj*^ JjL^I (Ji pH = 7 A-aja3l) Jjk-<JI AjuiLoi! J 5jjaj^ 

.(Iji h«-> Jjla-all (jjSj pH < 7 -lie. J iLlluLlu! JjU «1I 

J jlaj l^jjaUajl ajLIja Aijac. :(extensor muscle) iSiAa iA*kc 
SjL ^ os^Vl (j-aij s jAli : (hypoxia) Ltt^*-sSfl Jjc 

J'.^ J JjL^l ojLij :(acid load) 3-ia>»aJ) Jaja 

^ l^.ja*j (jc. Ajlj'j£-a AjaJLu-aj ^woiaJl ^Ij^j :(pheresis) ^JJI ajLas 

cjlia.jall Ai^J jioulc J (triose phosphate) cjlioija :(pgal) t:jli*-ja 
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(jjl jLiui t> jj^l Jajioi J ja (glyceraldehyde 3 -phosphate) 

(JjH. t^jill <iuaa-« ^j*JI s jU*JI ^.l-ikioil jA ^[^\ : (resultant force) SjS 

Ani'sUflit e jall iii^jj ^ 4ujtj£ll liA Lai • ts^' ULjx^ jA lilljj tresultant force 

jA J cAiUoll J ^^\J\ uj^ : (carbohydrates) cjIjJjAjjjS 

.1:2 ^ 

bLucl jjljJl (jjU'jL. i^Ljj^ : (chromatography) LaljfrjjLajjS 

^ ^jisjij 4jlaJl ^ jLili Ajktk A^h'ifl : (chromosome) 

.AijUa jj J Ailaj DNA SU AljL^ijL CjLjiijjjj iCjUiaJI ^j^a IjiiS J-^; DNA 

AjLaJl sUic. jjc ^1 4jL^1 ajjIjsII cjljjij :(action potential) i^JaJ) ^^^^ 
^tul (>=ja4j cP^\ AaJi" cjj^jjj : (erythropoietin) t^jljjiil JjJjj LHja^ 

aLU AiJia^ CjUj£ui J ^!5La!j s-Lo jj-a jj^^ (/-^JJ Jjla-» : (cryStallold) (^JJJJ Jjla-* 

44jjUajJl jLo X^lij^ <aUa (>i Ajauill i_i]LJl eijUl jA :(anode) jju^ J jjjS 
^iij cjbLiax : (monoclonal antibodies) Atjniifl »jLuxa ^kLui^i 
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1^1 U£j 4«l ^ t^ill ^^1} ^UJl : (destination therapy) 

^jjoi^ jl£ lij i^illa l_j3all t5J-i>>o .(JJ=}^\ LllU 11 T nil ^1 jj! ^-Laa. .lijlai 



^ jjjcjioi Ajioij Ji^ AjjioiS : (coefficient of restitution) jIjjjVI JaI«-« 

^1 -CLojaj lAijj^l ^1j I 'I ■'I 1 1 (_5jLjij jIjjjVI (J^la-o J .4ijaj .1 ^U, ^yi 

.Ajl^l ^tj Lai ■ll-ii^l jij^l <-aja J tDNA —11 UlAk-al (j! ^^jaj 1 11 (jc JSj 

(ji>Lial J-«ix4j il jUiojl ^jjjll cjljliikVI ej^l : (spirometer) o-Ui* 
^ikj^ ^^a^l cijIj Cil jjj^ o^Liio :(bomb calorimeter) <^r^t i^l jjjaJl o-W^ 

jjjajoiSI J Ij-llc (_>iiLjall AJuitl] (jx (jjLlLall ;_iHjJ .;jJ3<-<i ck-l-^ (J^J^' (>"l:i^ 

30 (_5lc. iljp aJIc Ua jijJa (jiiLlLill J-aaJJ (J S->?^J •S'Lall J ^■^\ jsll (>i SJ?-^ J 

«jl^>^ (_^uLia (_jill JjSjll (jjiaj Loljc .(jljj^Vl (Jcliij (Jj' sLiil Ijj^ UaijJa 

4<liiall ^ jl-^ s-l-o O^-J^ ^^>^J "il ^ S-1 Jjj^ _>JC 1 n'u'i i<3 Inj-t <ill f.] j^l (ji-uiJ 4<al jfi^l 
.(Jcliiill <ajljll sjljaJI Aa«S (ja-uLall «.Lall Sjlj^ ^-^■J-^ 

<iLl«jS3I ^ikioi sjLJI sia.lj jA ij^j-11 ^11-11 J :(equiyalent Eq) iJiSa 

pU^Vl 

.^U-J-SiiLiiS! Ci^Mu cjUjjp^l t> Jj- ((»^ J) ^ Jc^liai J - 

jA J 4AjjliaJl jLi 43Ua Aiauill t_ajJall jA :(cathode) Jajf^ 

(jj!)Li«JI Ll)U. (Jjtaj ajc jVi jUc : (vasodilator) ^j>«j11 ^jVI ^^j- 

.ejJJ^I sJjjVlj ejjij-allj ejJJ^l LllljLi^)jjill 5j-aLi t^^jfluij s.lc. _jll jjl 4-aclj3l 



810 



J^lx. jliu L^j^ jA i^j^'^ ifLuuill :(buffer) (^j^^ J t^J'^l 

.pH <jJa yuJi 

.^Ijc. ^ (JjV j^l IjJiLa jjSjill : (molality) ^ 
. jpjlll ^ cjVj-ll I jjS Jill : (molarity) ^V>» 
(j^l SfUS ^1 jji>i : (ventilation perfusion ratio) ^j>ill ^j^jJt 

Ajj^^t ajcjVi J*^ ^j^'"'' ajjUajS sjLo J J jj-jA : (vasoactive) Li^l^j 

.(14.3 Jllall ajKII ^ aIcUJI a^uVi <mll : (nephron) 
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812 



cndocy to si s 




coordinate 




urethra. 




proximal 




atrium (p: atria) 


L_iiall (jjjil 


jjy pg]-l;g g ion 




hy pcrthcrmi a 




depolarization 


C_lUaalail AJI jj 


defibrillation 




edema 




power 




polarization 




interpolation 








optimization 




escherichia coli 




arrhythmias 




resorption 




distal 






j^l UrUjJjj Uif^^i 


phonocardiograph 




dialyzer 




stoichiometry 




diastolic 


(mHI J=U^I j» ^Louil 


deviation 




conservation 




momentum 




transferase 


Jab jjl 


systolic 


^(—il^ll u^aljiil ^ ■ 
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heat exhaustion 




tubule 




psia; pound per square inch absolute 


ijlkxi 2^J-1I (jiiil AijU 


psig! pound per square inch gauge 


(jojlia ^^>^' (Jjii^ -^jW 


software 




Ig: irnmunoglobulin 




endothelium 




abdomen 




ventricle 


■,,"U', 


cytoplasma 




plasmid 




P = g /(cm . s) poise 


/2 • . -.Ill ; >^ .\ -.A 1 . , 






cryogenics 






Jj.) (.All jiji 


renal pelvis 




subclavian 




subcutaneous 




sublingual 




inductance 




fractional conversion 




transduction 




flow 




recycUng 




concentration 




mass concentration 








perfusion 




tachycardia 




variance 




plastic (inelastic) colhsion 




sclerosis 




atheroma 
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positron dmission tomography PET 




stenosis 




feedback 




equilibrium reaction 


-1-1 


hemolysis 




valence 




quantitation 




vascularization 




osteogenesis 




osmosis 




tidal 




myocardities 




tendonitis 








homeostasis 




^^"""^ .. . 




iiitcnimiz3,tion 




current 


.1 ■'■ 


adenosine triphosphate ATP 








bone dry 




scalar product 








septum 




chloroplast 


t ■ ■ - \ N . t .i t< tl , 1 


thylakoid 




percutaneous surgery 




alveoli 




wheatstone bridge 




capillary bed 




bulky 




particle 




endosome 
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ly so some 








synip3.thetic nervous system 




re3.ctive system 




ste3.ciy st3.te system 








isolfl-ted system 




closed system 




open system 




voltage 




bracket 




adia.ba.tic 


^bbjl '((^jiiS) iaU 






IToke volume 




specific volume 








reaction heat 




standard reaction heat 


klxA^ (JC'liij bJ)\jA. 


latent heat 




sensible heat 




ihac 


(^jjll ^Ij jJic) 5iaja. 


nay lever 


^jj^iill ^-^^1 4^1kJI jUiJ lilt 


conservative field 


- " (Ji^ 


perftision 


- ' '-^ ^1 (_JjIj-iJ 


acidosis 




metabolic acidosis 




pyruvic 3,cid 


liLfljjjUll ij^^xA^ i^jU]l -J - ^jiaA^ 


stesric 3,cid 




butyric acid 




benzoic acid 


(_5jUJI ^nii^ll 


lauric acid 




lactic acid 


(jjlll (jlaAii 


Uposome 
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£icrobic 




extensive property 




intensive property 




surfactant 


(JjLlJ (J^lc- t^^-^ In HI J^J^ ^jiasl^ 








'L?-*^ '(^-s '(^■^ 'i/^ 


gonad 








fibrillation 




hepatocyte 








circuit 




buoyancy 








precision 




dopamine 




pulmonary 




ligand 




filtrate 




patella 


/2 .< .tl 2 ; .1 \ 3 ; ■ . 


trachea 




langerhans islets 








angular 




glaucoma 




real time 




chirp 




fluid 


^La — (JjUii 




AjLiJI tdSii JjUo 


dialyzate 


(_jKll Jioic. JjL" 


hydrostatic 




capacitance 




heat capacity 
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stroke 




cardiac arrest 




statics 


,\j<... 


scalar 


J... 


permittivity 




process 




siphon 






CjJ 


anion 




cation 




elementary charge 


Ajl j\ A \-\ HI 


phosphohpid 








artery 




aorta 




radial artery 




carotid 




arteriole 




arcuate artery 




renal artery 




vector 




capillary 




cardioplegia 




C[uadriplegia 




paraplegia 




saphenous vein 


1 JJi^l (jU-oJl -JJJjl (_j3U-a 


cricket 


/ V v' \\\ 1 Ul 1 


sprctidsheet 




lEmintir 




mitral valve 




tricuspid valve 




accuracy 




heat stroke 


AjjI ja. Ajj^ 
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pressure 




diastolic pressure 




systolic pressure 




mean arterial pressure MAP 


l^^J t^kj" -1=*^ 


gauge pressure 




energy 




kinetic energy 




internal energy 




potential energy 




specific energy 




graft 




overspecified 




hypertonic 


Jiill 


pH 




gauge factor 




transcutaneous 




intracranial 


A-a^l Jib 


intramuscular 




intravenous 


Jjjjll (Ja-b 


moment 




torque 




nerve 




neuron 




atherosclerosis 




biceps brachii 




myocardium 




quadricep 


CjUL^l AjoUj 4l,^r. 


temporalis muscle 




adductor 




adductor lonus 


SjjLJl a\.-^A iliac 


abductor 




masseter muscle 




prosthetic 
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aspergillus niger 
work 

shaft (nonflow) work 

flow work 

element 

hypoxia 

thyriod 

adrenal gland 

neurotrophin 

trophic 

hemodialysis 

dialysis 

pleura 

cartilage 

glucose 

electroporation 

thigh 

hyperkalemia 

acid load 

polycythemia 

hyperthyroidism 

bronchioles 

lobe 

chromatography 

saccharomyces 
plug 

bronchus 
congestive failure 
bronchi 
resultant force 
aortic arch 



s^I JaL^ Jajj 



820 



tonometry 




ankle 




hepatic 








glomerulus 








icuKocytc s 




erythrocytes 




chlorophyll 




renal 




potential 




action potentia 




piezoelectric 




electromagnetic 




lactate 


(ijJll (jAxta. jjjl) tllUjl 


plastic 




viscosity 




plaque 




lymphatic 




operator 




Uquid 




matiaD 






S jl jaJl (_)-a^ 


operand 




seesaw 




geosynchronous 


lP>jVi ^1 ji* 


isotonic 




stenotic 








excess reactant 




Umiting reactant 




bladder 




voltage divider 
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catalyst 

crystalloid 

transducer 

ordinate 

axon 

abscissa 

electrocardiogram (ECG) 
intravenous therapy (IV therapy ) 
diuretic 

order of magnitude 
recombinant 
polar compound 
elastic 



thermocouple 



receptor 

matrix 

amplitude 

magnitude 

destination therapy 

coefficient of restitution 

rate 

basal metabolic rate BMR 
Reaction rate 

glomerular filtration rate GFR 

flow rate 

reactor 

bioreactor 

current divider 

resistance 

thermistor 



jjjIj SjU '(i^J^ <,r^) i^^JJ Jjla^ 
J i(CjU«J1) ^1 Jill jj^ 

All (4jtjbU ((JUaA 

" 4^J^ 

jIjjjI (Jobt-a 

( cj^j>) t3^^ 
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resistor 


.IS- 


resistivity 




electric outlet 




spirometer 


(jjiiiill J..1 .S- 


bomb colorimeter 




manometer 




galvanometer 




equivalent (molar) 




capacitor 




underspecified. 




hypotonic 




accounting 








parameter 




buffer 




Tmol 








molal 




Ibm-mol 








molarity 




resolution 








exothermic 




hematocrit 


Aaa^^I g.l^fl'^li djlj^)^! ^jjmoj 


mass fraction 




mole fraction 


<^ 


weight fraction 




stroma 




nephron 




ischemia 


jax. (Aj^J ^jjj 


bulk material transfer 




nicotinamide adenine dinucleotide 




phosphate NADPH 
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hypothennia 
hypoglycemia 
hydrogel 
profile 

amu (atomic mass unit) 

tendon 

batch 

monoclonal 
hip 

inferior vena cava 
vena cava 
venule 
arcuate vein 
renal vein 
mean 

mixing-cup average 

inductor 

synapse 



^xuajl ^J-^ -^J^ 

aJjS sJa. J 
J'J 

4jj '(Ji^J JJJJ 
Ajjjii nr. <Loj 
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abdomen 


cM 


abductor 




abscissa 


^Vi <^i^V' '(-^Mi) cUijiJi jj^ 


accounting 




accuracy 


1^ 


acid load 


A ■ A-^ \1 j_J^ft^ ^jAZvJl Ja_)9 


acidosis 




action potential 




adductor 




adductor lonus 


AjjLJI 3ija»S ij^uiaJI ^ AijaC 


adenosine triphosphate ATP 




adiabatic 


^UUJ Sjj^ JiaU 


adrenal gland 




aerobic 




alveoU 




amplitude 


SJI ja. lAajoi iJLk. 


amu (atomic mass unit) 




angular 




anion 




ankle 




aorta 




aortic arch 




arcuate artery 




arcuate vein 




arrhythmias 




arteriole 


( OiJ") Ji»*^ U*^->^ 


artery 




aspergiUus niger 




assistant 




atheroma 
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atherosclerosis 




atrium (p: atria) 


. -.At 






basal metabolic rate BNIR 


1 Kl\ SI 2- \ft f. 
,aJy«Lul71 LJjlAljalJll LMX^ 


batch 




benzoic acid 




biceps brachii 




bioreactor 


^jja. Jc-Ux. 


bladder 




bomb calorimeter 




bone dry 




bracket 




bronchi 




bronchioles 




bronchus 


^1 ^» 




^ il^ii. 


buffer 




bulk material transfer 




bulky 








butyric acid 




cable 




capacitance 




capacitor 




capillary 


A.J.J 


capillary bed 




cardiac arrest 




cardioplegia 




carotid 




cartilage 




catalyst 


jU^ ■ - 


cation 




chirp 
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chlorophyll 
chloroplast 
chromatography 

circuit 

closed system 

coefficient of restitution 

concentration 

congestive failure 

conservation 

conservative field 

coordinate 

cricket 

cryogenics 

crystalloid 

current 

current divider 

cytoplasma 

defibrillation 

depolarization 

destination therapy 

deviation 

dialysis 

dialyzate 

dialyzer 

diastohc 

diastolic pressure 

distal 

diuretic 

dopamine 

edema 

elastic 

elastin 



»1 ji ft '\f\ I ii>Lj ( JjajjjKll ^jIj^ 
1 ^ . J . -I (_L>ll^l (Jj^ 

ftjb 

AjjjL 'Uu ojLa 4((_5jSAa <^j^^) C5-^JJ (Jjl^ 

cJzU^ iJjUjJ 

(cJall iU^I j» ^>Uu:l 
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electric outlet 




electroc£irdio§r3iTi (ECG) 


t M\\ f \ . < UL.;. ^ 


electromagnetic 




electroporation 




element 




elementary charge 




endocy to si s 




endosome 




endothelium 


/ 1^ N-Vl\ A \\\ A ^ VI ^ -M 


endothermic 




energy 




equilibrium reaction 




equivalent (molar) 




erythrocytes 




escherichia coh 




esophagus 


*<^^ 


excess reactant 




exothermic 




extensive property 




feedback 




fibrillation 




filtrate 








flow constrictor 




flow rate 




flow work 




fluid 




fi'actional conversion 


. f . 


galvanometer 




gauge factor 




gauge pressure 




gene 




geosynchronous 
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glaucoma 

glomerular filtration rate GFR 

glomerulus 

glucose 

g-mol 

gonad 

graft 

hay fever 

heart attack 

heat 

heat capacity 

heat exhaustion 

heat stroke 

hematocrit 

hemodialysis 

hemolysis 

hepatic 

hepatocyte 

hip 

homeostasis 

hydrogel 

hydrostatic 

hyperkalemia 

hypertension 

hyperthermia 

hyperthyroidism 

hypertonic 

hypoglycemia 

hypothermia 

hypotonic 

hypoxia 

Ig: immunoglobulin 
iliac 
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^jJI ^ ajas^I cjUjSII ^jxuj 

MjSjJill oJill iiUii Jaja 

^-1 M^-^ 11 ojl^j^ -^^JJ'^ 
^^^■^ Till l^ir I ^j^aikla^ J^J^' ^j^ai^^ 

(tdjjll (j.tj jJic) Aiaja. 



iiiciuct3iicc 




inductor 




inferior veno. cslvsl 


. ! ■ 1 


intdnsivd property 




intdmal energy 




intem£iliz£ition 




interpolation 




intracranial 




intramu scular 


1 11 (J^l ^ 


intravenous 


jjjjll J^b 


intravenous therapy (IV therapy ) 






. t 
L>Ji' 


ischemia 


i^j^ Ajj^ ^ 


isolated system 




isotonic 


Jpjjll (_g jl 1 in 


kinetic energy 




lactate 


((jJll (jjji) cAiA 


lactic acid 


(jjlil 


laminar 


■-■ 


langerhans islets 




latent heat 




lauric acid 


jIslSI (j^a.A^ 


Ibm-mol 




leukocytes 


1 • ..11 ^tl . < 






limiting reactant 




liplslme 








liquid 




lobe 


o=a 


lymphatic 




lysate 


AjSaJI '^^<'' JjLa 


lysosome 
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magnitude ^ 
manometer Ui.--. tU- n (j-UL. 

mass aiiS 
mass concentration jjSji 
mass fraction a ,...-, 

masseter muscle Si^U Aixic 

matlab 

matrix a-..%.u i^i^i^ 

mean 

mean arterial pressure MAP iAiJ^ 

mixing-cup average .-ii^.n jjSjs ^u...^ 

molal 

molar ^V^. 
molar concentration J ^^j^ jjSji 

molarity i^^. 
mole 

mole fraction 



metabolic acidosis 
mitral valve 



moment 
momentum 

monoclonal J\ jj^^ 

myocardities j^jyi l^I^I 

myocardium 

nephron 

nerve 



neuron 
neurotrophin 



nicotinamide adenine dinucleotide jiijJSjjill ^JLuil cjUaijall jjj J iL.LiujSjj 
phosphate NADPH 

nonreactive system AjlcUiV 

open system ka.jjL> ^jhi, 

operand jiti. 
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operator 




optirniz£ition 




order of nia.§nitucie 








osmosis 




osteogenesis 




overspecified 




parameter 




paraplegia. 




particle 




patella 




percutaneous surgery 




perfusion 




perfusion 




pericardities 




permittivity 




pH 




phonocardiograph 


1 t\ati i-ij. ^\ (Jj^jjU Ail 


pho spholipid 




piczoeldctric 




plaque 




plasmid 








plastic (inelastic) collision 




pleura 




plug 




r — g/(cm.s) poise 




poltir compound 




polarization 




polycythemia 




positron emission tomography PET 




potential 




potential energy 





832 



power 






precision 






pressure 






process 






profile 






prosthetic 






proximal 






psia: pound per square inch absolute 






psig: pound per square inch gauge 




(j^^ -^j^ 


pulmonary 






pyruvic acid 




£iA^ ti^jlill ^ajj-a^JI 


quadncep 




Cjljl^ill AjcIjij aL>»c. 


quadriplegia 






quantitation 






quantization 






radial artery 




rate 






reaction heat 






reaction rate 




(JcUiSI Jt"" 


reactive system 




S iti- 1 a". J^j^^M 


reactor 






real time 




<,?¥^ (>j 


receptor 






recombinant 






rectal 






recycling 






renal 




'/^ 


renal artery 






renal pelvis 






renal vein 






resistance 






resistivity 






resistor 
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resolution 
resorption 

resultant force a\ Sjs tAjJ^ ij 

rigid 

saccharomyces ^^S^ 

saccharomyces cerevisiae ^ j^ijl ij^) j<...\\ jLa iji^ 

saphenous vein jll jUI ^jj) jaL^ 
scalar 

scalar product ^ (^1^^) 

sclerosis ^La^VI , .i,^-, 

at ^j^Sjj. 



septum j^li 
shaft (nonflow) work (^ja^ j^i,) ^1 

significant figure 
siphon 
software 



specific energy ^ 
specific volume 

spirometer ^ 
spreadsheet 5jJ^ - 

standard reaction heat ^j^US jd^ s j 

statics CjLjjjix. 
steady state system a^ut a^ ^u.-,. 

stearic acid i/jLA-Vl ^o*^' 

stenosis ^^^^j ^^^jVl j'.--" 

stenotic i^^jil. 
stoichiometry i^V*!^' Jc-liill 

stroke ajc-Uj ^'<... 

stroke volume ^^j) 
stroma 
subclavian 



((Jrfil^ ^i*^ 
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subcutancou s 




sublingual 




surfactaiit 


cjjljij (JaIc- ^ - jpjj (j^l^ 






synapse 




systolic 


^l—llill (>aljijl JjJa) ^ ■ -1 


systolic pressure 




tachycardia 




temperature 




temporalis muscle 




tendon 




tendonitis 




thermistor 




thermocouple 




thigh 




thylakoid 




thyriod 








tidal 


(c;j>-^) 






tonometry 




tracr 








trachea 




trans cutaneou s 




transducer 




tonsferasT 








• 

tricuspiQ valve 




trophic 




tubule 




underspecified 




urea 
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uremia 








urethra 








variance 




vascularization 








vector product 




vena cava 


i_j jz^l ^ jj 


ventricle 




venule 


AiJJ 'tJi^J ijjj 


viscosity 




voltage 




voltage divider 




weight fraction 




wheatstone bridge 




work 
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679 

529 

556 Z\jkJ 

502 :UJ! ^UJI 

503 :Lo ^U-il 
428 t 426 -.2.. ^1 oLI>_^^;i 

468 t429 
279 i^c^NVI 
437 _ 434 ,432 _ 431 :ojy:i^)Jl 
443 

291 t272 c240 : .Lij^l oLJ'Vl 
301 

64 

702 J*L.JI 
116 _ 113 tl06 _ 103 : JiLi^Vl 

131 _ 125 tll8 
625 t584 t547 : (v^>Jl iiLi^l 
654 

548 _ 547 ■.,_,kJJ>\ (^>!l i>lk^\ 
577 t574 t567 t565 t560 



c679 :v^L-aJI ^.y^l ^-JlUI iJVl 
688 

20 

c565 c549 c547 : i^UJl j^L^Vl 
c582 t577 t574 _ 571 t569 
654 c592 c584 
78 ■.~^_j>^\ .Ua^Vl 
78 lio'ly^l *Uai-Vl 

78 .Ua^SlI 
746 _ 745 : ^L^l y-jJl ^Lijl 
t82 _ 80 c35 tl9 ^U/Vl 
90 

513 _ 504 :^^U-Sai ^L-Vl 
513 _ 512 c509 _ 506 :^>„^SJl 
t489 :iiiSCoj iojLio ojIjJ ajUiI^VI 
c385 t381 t357 c320 iLpUsjl^VI 
417 c415 c408 
156 cl44 tl39 :^Uiiu.Nl 
541 c34 ■.^'^^\ 
234 j^^l 



504 t432 :,>~r. 
.523 t513 t509 



.507 c505 
545 t542 



720 :oLu.o/ '-^j^j^ 
124 (.^^L 
330 :^jJl JjJu 
c437 _ 436 t432 _ 431 : Oj-Jj^l 
t538 t510 t504 c502 _ 501 
541 

124 :^jLi 
t442 t434 till - 110 : '^J h . II 
t462 - 460 t458 _ 457 i454 
c513 t490 c480 t468 t464 
721 _ 720 t708 
517 _ 514 Jbiji Sijlk 

179 

677 t665 :UJ%JI 
779 -.hjiJ^l UJ->UI 
779 : L^'lt jj U^l ^ 
137 cl33 _ 131 
541 t504 - 503 : Oj^JjJl 
220 t218 _ 215 c213 _ 212 : iJ_^l 
223 _ 

248 l^^Ls^l ol^^l 
787 :iiLoLi_^^l oUUl 
774 oUUl 



t603 _ 600 _ 599 t596 _ 595 
c625 c619 c614 _ 612 c609 
654 t652 _ 651 
t548 _ 547 :tijl>!l ,^>!l JiU^I 

654 t575 _ 570 c565 
t431 t426 _ 425 : ij..>^l JiLL>^l 
,444 ,441 _ 439 ,437 _ 436 
483 t481 t465 t457 c447 
264 cl79 a67 : ^UiJl JiU>Jl 
124 _ 123 
283 _ 282 ■.^J±^\ 
t706 c702 _ 701 i^yJiiJl ^LiJ^I 
723 t711 t708 
739 iti^l VJt^^' 
212 ^-^tJl ^^'Vl 

212 -.^Sl ^^IxJl ^^'Vl 
c567 t72 t70 t54 : ^__^jlJI Lj^J^\ 

677 t643 t632 t608 _ 607 
_ 229 c224 tl77 _ 176 : JjJLl^.Vl 
c280 _ 279 c234 _ 233 t231 
301 t292 _ 291 
_ 476 ,474 c432 : oU^ 

487 _ 485 c477 
,477 _ 474 ,432 oLJ_^j 
540 t538 t524 c487 _ 485 

523 :oU^^I oU^j 
,474 ,437 ,432 :jjJlJL!I oUj^j 
487 t477 _ 476 



443 



324 _ 323 : USCl ^iUiJl ^\ y 
. 442 : iiLkJl j^l^- 

489 
141 :M 
261 ^1 j^l^- 

150 jvi"!^" 
311 c309 _ 308 ■.J>_^\ v^^l 
379 - 378 c365 _ 364 

'ill 

49 t41 



392 c389 _ 388 : j. Jl 
52 _ 51 t44 
133 :cu>-Jjl 
595 ijjJJl (.iUJi 
598 _ 597 : JsUl t^/^l 

597 : ^LJI ti/^l c^UsJl 
595 :o^l ('iU^I 
597 _ 596 :L.Lj o^I ('iU^I 
147 : <wJls^ 
502 :^^~~iiJ^Jl ^JL 

541 

170 :tij^JJl <^UjJl jl^" 
100 IaJJI oUJaJl 
165 (vc-^l 
165 ■.J\}S\ (»-*kJl 
164 lii^jJl oUiy^l 



434 



iyj^\ 



91 .27 - 24 ■.:>\Ji\ JJi^" 
549 JJi^l 
-211 cl63 i^ji J-^J^' 

216 t212 
91 t78 _ 77 JJu>dl 
. 233 c223 cl63 : ^.^^-^l J^^l 
_ 281 t260 t243 _ 242 t234 
292 c289 c287 _ 286 c284 
91 t33 t22 _ 19 J.^' 
199 : ^ ,_yakj 

430 :Ji-ljdl 
430 i^^^LJwj^l Ji^ljdl 
777 :jv„>>Jl ^ j.jdl jiJu 

181 jt-xis 

179 J (.Jl jio: 

194 ^ (.Jl jio: 

340 ^Ij^l ^xjjG 

186 jl^ J Ji^- 

694 ■.^Ji\ J JiJ: 

114 - 113 V^UJI j^l^- 

251 :Si>^ 
485 t478 t439 : ^^J'l^" 



423 - 422 t411 _ 410 <.295 _ 
124 

526 : (1) J 
88 t75 t51 lUo^l 
164 :^_^LvJl Jil^Jl 
780 

312 c57 :J_j:^l 
688 -.byr 
302 ob-jJl 

-c- 

139 :S^JcuJl ^UJI 
343 iJUJl 
103 :s^,ii^l ;JUJI 
139 ■.ly\^\ ;JUJI 
204 : jUjL 5 ^>.^ 
124 _ 123 cll7 Jl^ 
121 _ 120 tll8 _ 117 ■.^\jP^\ Jl=- 
117 
130 
130 

363 ■.3\jp^^\ Sjl^ 
365 :AijL*Jl til^Vl 5jl^ 
346 :J*>UjVI SjI^ 
344 _ 343 :o.l5:Jl jL^^II 

380 t343 li^lSCl 5jl^ 
344 :i^l$:Jl 5jl^ 
344 ■.-^\^\ JlI^I SjI^ 



430 _ 425 : iJ^r^' 

165 :i^JixJl oLvii_^l 
501 i^y^U^Vl 
t364 t308 It^^l vrr^^l J^Li: 
379 

tl35 tll7 :LJL^o_jai o->UlJjJl 
t225 _ 223 cl76 _ 175 cl73 
c242 c230 c228 
502 - 501 :^U-i)Jl 

59 :oL^I ^^Li' 
77 :oUUl J^- 
370 c366 :oLJ)Jl j^--^ 

255 :oL-LJl jjJ^r i^" 
430 JiljJl 
430 :^^15LJI jiljJl 
64 - 63 t24 t21 : J^,ji^\ jLJl 



506 :jjljxJl ^yvio^l iliKiJi ooL' 
506 coL' 
46 : JliJi JUJI c^L' 
474 it^liljU OoL' 
367 ijjjjJiVl oU*- ji 
367 t309 oLL-_^ 



772 :^L*JJ ^JJ^]\ JjJL>JI 
294 t282 LAi^Vl 



840 



-c- 

650 :j3jdl j:U- 
696 - 695 : y^l 

539 :^>;i4Jl jUiiJi 
279 : ^1 >i 5^ 
.28 .21 tl9 :i^jjJl ^Ij^l 
118 tll5 _ 113 tl07 _ 105 
151 tl36 _ 135 tl30 tll9 
49 t29 - 27 tl9 : SJlIJI 



449 c446 



447 _ 446 : SjlJl 
: c . II SjIjUI 
450 



44 



701 c684 
.718 t712 



44 : 5jl ^1 
45 ijlL^JI i>-ji - 
45 : oLUJl _ 

44 :^^l ^1 _ 
44 (Ju. _ 

31 :^>>Lja]| 
681 :i^_^-LJl "ojjjUI 
. 711 t706 t703 
732 t727 c724 c722 
727 :i^jVl jUail - 
282 - 
39 - 34 :J:::i^.jJl 



362 _ 360 : JplixJl SjL 
363 :5ijL^I Ji>LiJl SjL 
363 :^.^l Sjl, 
363 :iijL*Jl (ji^l Sjlj 



,346 c344 _ 343 




387 t384 t382 c377 _ 376 
346 :^>JI 
313 :ioU^*^l ^^1 
313 :aJIjjJJI a^^I 
312 t57 :s^;>^l 
320 itijUJi jU>Jl 
433 :^^L^I Ji>Jl 
312 :iiiU^I Ji>Jl 
205 :J:^ 5iU 



746 :^ 
746 :c5jK]l 



j_5;j~J'^l |_^L>j>Jl 



212 :J^I ^ 
279 :j.^^l ^ 
279 1 177 _ 176 : ^_p-Jl ^yiL_<^ 
504 t284 _ 283 c280 
504 :j_^^l ^ 
504 :^l ^ 
229 _ 228 : Oj^l ^ 



841 



63 t28 

687 c681 c97 oU^-iJl 
711 t706 i.704 t702 t699 
733 c727 t723 t713 
153 jL^I 



683 _ 681 



701 c696 c681 



732 t727 t724 t712 
72 iLjjxSLs oV*>U. 

593 _ 592 : (.jlJI oL^ , . 

665 

45 IjliaJl 

366 : ^j™JijJl ^isf 

58 c53 t43 W> 

62 t60 t44 tl2 oLkJl 
312 c89 c76 _ 75 c73 c63 

323 t316 
310 t308 _ 307 :i^.>~>Jl iiUaJl 

364 t311 
321 t317 t315 l^Jj-l-Jl iiUaJl 
330 _ 329 c326 _ 325 t322 
386 t360 t357 t342 t332 



502 .^^.-JiJ^I cx^J\ 



554 c552 _ 551 : 
.557 t554 _ 551 : ^,4=^1 j^jJl 
562 _ 560 

562 _ 560 c551 

713 :JVjJl 



270 _ 269 : J-^ JsL- 
627 iJsUviJ'A] J.UJI ^ JsUl 
269 :^>^^l 
541 :(.^j>Jl 
_ 338 t307 t26 r^J^^l '^^^\ 

- 370 c355 c351 t345 c341 
c404 - 403 t400 t386 t371 
t418 - 417 t415 t413 t408 

420 

154 liljJl A-L- 
-J'- 

70 c67 :j-*Jl aJL^ 
60 cl9 
431 liJjSll 

- 439 c437 c425 : LJL^Jl ij.:>^l 

444 t441 



842 



322 _ 321 t316 : i^^l iiLkJl 
342 t333 _ 332 t326 _ 325 
403 t400 t387 _ 386 

120 _ 118 tl03 ■.l^\jcby\ 
145 _ 144 cl42 _ 139 cl25 
149 _ 147 
125 tll9 - 118 iVU^^^l oj^l 
147 tl45 _ 144 tl42 _ 139 
150 

-L- 

36 t33 : iJLP 
547 t265 t97 t27 : ^JJj^uj iJip 
646 t632 _ 631 t624 _ 621 
727 c694 c683 c654 c649 
764 t733 

49 _ 46 : JliJi jUJl 
620 iij\ijs> 
111 '. 0 j^j tjjijLjjjp 

- O - 

46 : tjJli jli 

133 -.jjc^] <.^c^ 
133 iijIjA ttij^ 



c400 c398 t396 _ 395 c387 
402 

t309 _ 308 : 4_^>>^.->t Jl ?_sUaJl 
312 

t317 _ 316 :2^L^I ^1 W il 

398 

t315 c313 _ 312 :ij^LiL!l iiLLJl 
.359 c337 t330 _ 329 c324 
409 

c313 _ 312 :;JUiJl ^LiJl ^LkJl 
358 

t313 :i»«-kJooj^l -a:^[^\ ;SUaJl 

316 _ 315 
-315 c312 t307 :5-JLiL!l iiUsJl 
_ 332 c330 c327 _ 323 c316 
t353 t349 t347 t337 t333 
c386 c379 c377 c360 c356 
399 _ 395 t388 
_ 430 t 426 _ 425 : ^'L^^l iSLkJl 
,443 _ 441 ,435 _ 433 ,431 
_ 460 t457 t455 _ 454 t452 
_ 492 t490 _ 488 t465 t461 
t518 c516 t500 - 497 t493 
523 _ 520 
364 :5iJU^I ^IkJl 
t551 t548 _ 547 : ii^lSLJl iSLkJl 
c630 _ 629 c627 _ 624 c621 
654 t650 t647 t642 t634 



469 : 
428 Jl>l 
144 olji^l 
144 :iiL:lSLJl ol>>«Jl 
(.43 (.38 (.34 _ 31 : 0j~j5jU 

79 

123 : 1^ ^ jA 
482 loUi^l Ji>» 
114 tl05 tl03 :JiU^Vl oViL^ 
tl29 _ 128 cl26 _ 125 cll5 _ 
151 tl47 tl36 
a03 JiLi^^^l cj^i\^ 

125 tll8 
tl03 :;Jl^UJI JiU^Vl oViL^ 
_ 128 cl26 _ 125 cll8 tllO 
129 

tl03 JiU:>^*yi cj^i\^ 

129 _ 127 tl25 cll8 
152 :iJ^I oViUJi 
tllO cl05 tl03 :;jJlj-Jl o^fiL^ 
cl35 tl26 _ 118 tll5 _ 113 
cl51 tl47 _ 145 cl41 cl39 
158 cl53 
tl03 iLJLviUJl iJjl_^l oViL^ 

123 tl21 _ 118 
tl03 :LJo>Li:Jl ojl^l o^/iL^ 
cl26 cl23 cl21 _ 120 tll8 
128 



- 3 - 

t469 _ 468 t425 : jJ_^4Jl:^T j_pU 
472 

149 tll4 :JiU>J^;i j^U 
_ 524 t522 c519 _ 518 : (.jl OjJLi 
533 t530 t528 t526 
307 :J/VI Oj^U 
103 : dLaLij>.^l jjJlS 
433 : 0 jJ ^ 0 yd 
t431 c425 :jLjJJ ^j-i^ 

450 c 447 _ 444 

541 iJJlrijlSai 
245 t240 i^Ls^l 
illO t267 :<'UJI ^L^l 
c212 tl98 _ 195 oL^I 
t268 - 267 t245 c215 _ 214 
666 _ 665 t270 
721 lOjXii (.JjS' 
124 -.^^ 

-J. 

721 : jic^ ji t IjjJ 

-r- 

29 :iJ^I ol^JciJl 
29 :S^UoUl ol^JciJl 



29 ai i^^UJJl y.iLiJi 
133 ^jjJjl 

- 0 - 

30 i^^JuJl ^"Ul 
30 :^UJJl ^-Ul 
281 t279 t228 _ 225 : 
1.61 _ 63 c60 _ 59 :oL.-^l J_5J 
93 



111 -.byr 

621 : l.^;>^Ji^\ ls'j^\ iiji 

622 : Aj^,Ja-A<Ji AP^^I 
- 631 t629 i^-Jku^l I<^^l 

632 

- J - 

307 :JLJ1 -Ujj 
135 :i]*>V4i-.^l JL^ 

138 ijv^'l^l Ji=- <_is^j 
135 :jJ_^I jl^ <Jl^j 

- 

428 a.UJl jJl 



tl03 iJJI^I o^^iL^^ 

128 cl23 _ 121 cll8 
_ 478 t439 ■.l^.:>^\ iJjl_^ iJiL^ 
t515 t511 t508 c486 t479 
519 _ 518 
431 JiU>Jl iJil^ 

t425 :iiLs^l Jili^Jl iJiU/. 

c481 t465 t457 t444 c439 
501 c497 t483 
c547 t360 _ 359 : iJ^U^ 
_ 633 t631 _ 629 t624 t551 
t645 c641 _ 639 c636 c634 
654 c652 c647 
501 : iJU^I ij^t^l aJjUo. 

307 i>JUJl 
t601 _ 596 t547 lilJUjNl J^L^ 

665 c654 
t234 _ 231 tl63 : J^LijJl jl^ 
t255 c244 t242 t238 _ 237 
_ 286 t284 _ 279 t262 t257 
293 _ 290 t287 
620 c612 t606 ■.^^\ JjL^ 
_ 559 c554 ^jJl jl^ 

612 c563 c560 
571 t563 icijl^ll (vi-jJl Jl^ 
c312 t29 t27 :i,^J^l ^.^Li^l 
321 cl68 c314 



845 



L^^t liij^V aU*.^ 3 1. .I- II 

a, UJi Eli-. 

UL:.VL Ujj^l 

SUijoAj .UL^I ,lj.j<ltj .LmL^I 

.(»a)S J^L. !,>5U. 

3_j_|— '1 ..' J " a. sLxwjjo^t 3^_. jii J -I*- 

.L^i^ luUii a. uUji 
.<L^^i LiiLuL^i a. ;>LuI t{fjLj^\ fPLa. 
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